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FINAL REPORT OF THE BROOKLINE LOGO PROJECT 
PART III Project Sumn^-ary and Da? a Analysis 

Seymour Papert, Daniel Watt, 
Andrea diSissa and Sylvia Weir 

Abstract 

Durmg the school year 1977/78 four computers equipped with LOGO and Turtle 
Graphics were installed in an elementary school in Brooklinep Mass. All si?<th grade 
students in the school had between 20 and 40 hours of hands-on experience with 
the computers, The work of 16 stifdenls was documentid in detail. 

This volume Includes: (1) an overview of the BrGoklIni LOGO projaet, (2) a 
description of the learning styles of different students who took part in the 
project, (3) the evoeriences of students at both extremes of the range of abilities 
present In a typics! public school, (4) a breakdown of the computer programming 
skills and concepts learned by the students during the course of the project, <5) a 
breakdown of the mathematicaf and geometrical okllls and concepts learned by the 
students during the course of the project^ and (6) a dtscrlption of the results of a 
brief exposure of students to a dynamic turtle which simulates Newtonian motion. 
(See LOGO Mem© 54 for Part III of this report) 



The work reporfed in this paper was Gupported in part by the National Science Foundation 
under grant number 77-19083SEI) and conducted at the Artificial Intelligence Laborata;y, 
Miisachusetts Institute of Technology, Cambrld|i, Massachuielti, The views and conclusions 
contained in this paper are those of the authors and should not be interprettd as necessarily 
reprasentlng the official pollcieii either exprissed or impliedj of the National Science 
Foundallon or the United States Government. 
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LOGO AT THE LINCOLN SOC^OL 
GENERAL PREFACE 

Saptembar 1979 will bafin the fourth year of a highly productive relationship 
between the MJX LOGO group and the Lincoln Sohool in Brooklinei Mast, This 
report pretants a particular slice of what has been leirned from the eHperlsnee 
the slice that we think is likely to be most relevant to teachers and ^minls trators 
with enough foresight to be interested in what schools will ba able to do with the 
next ganaritlon of personal computers thase that can be axpected to becoma 
the dominant species of school computer in the firit few ye§r$ of the 1980's. 
This is not very far away. By 1982 a "BASIC speaking" TftS^SO with vIrtuaHy no 
graphics will seem as obsolete as the time shared computers which era now so 
rapidly being displaced by the little micros. And 1980 Is hardly loo soon for 
schools to be thinking about what they will be doing in 1982« 

An important part of the work at the Lincoln School was carried out under a grant 
from the NSF program for Research in Science Education. Parts !! and IH of tNi 
report constltuta the final technical report to the NSF on what was done with that 
grant. They describe the learning experience of sixteen sixth grade students who 
learned LOGO during the school year 1 977/8 under condltlorfs designed to allow 
us to collect analyze an unuiually large b^ of data about their progress. 

Part 11 presents systematic analyses of this data from a number of points of view 
that will be of Interest to educators. It defines a set of prograrrtming concepts 
and skflls that it then demonstratei to be within the reach of most sIxtK grade 
students. By careful examination of data about the learning paths of the marginal 
students It develops conjectures about how the proportion of students **proven to 
ba capable of learning to program" could be further increaiid In the environmant 
dafinad by systems as flexible as LOGO, Moreover It shows how even with the 
existing techniques LOGO'S flexibility allowed students with the most Mymrm 
{aarning problems to make significant gains in directions other than learning to 
program. 

The report presents a detailed analysis of the mathematical content of an 
experience with a LOGO/turtle learning unit It describes some tests of transfar 
of learning gains Into non-computational contexts. 

The report also focuses special attention on "exceptional students" at both ends 
of the iptctrum of school performance, Fmallyi it showi how programmmg In 
LOGO bears on the important problem of bringing out and enhancing individual 
oognitfva styles. 
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P»t III lives the report a dimension of conwtteness mtd qsecificlty that it often 
missing when the identity of the ifdvidual students In an •dueatlonal ej^erlment 
disappoars into summative statistics. To prevent tWa we the teacher to 

write reports en each student These reports ire personal in two sensesi they 
discuss each student Indvidually, presentinf each student's lnlellecti»l personality 
and his or her lea-ning experience as seen from the personal perspective of a 
teacher who had the opportwwty to get to know the students parUariarly well. 

These two parts of the report, promised to NSF at Ms ttme^ are mw being made 
avalIab!e.For general diffusion we shall add an introductory Part ^ wNch will be 
avairable In the spring of 1980, to provide readers, unfamiiin' with oir work, with 
a context for understawflng the resean* reporled in Parts H md III. TWa will 
Include a discussion of LOOO's educatienal and computation-lheorelical 
perspectives oi^ of other related work In Eur^ and In Qudbm as well as In the 
Uniled Stateit. 

The future of an intended Part IV is less certain. The work with the axteen sixth 
frade stujitonts was the beginning of something bigger, the spreading of LOCO 
culture In the schools. The most satisfying mark of suKess Is the fact that the 
*?i-eskline School system used its own funds to allow L0M»8 presence at Lincoln 
4i continue after the NSF grant ended. If we have the resowces to do so we 
shall be adding a Part IV describing these furthef developments. TNs decument 
will, If it comes Into bein|^ act as a more concrote gude to ^ods who wish to 
emulate the kind of work we repoi't here 
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1. Overview: Brookline LOGO Project 



This document describei what sixl^n sixth grade students made of a LOGO/turtle 
learning environment and how we interpreted their reactions to It We begin in 
this first chapter by presenting in a general way the conclusions we have drawn 
from the study. Each of the later chapters deals in greater detail with some 
aspect of the work. It should be rmsd in conjunction with the document called 
"PART lir which contains the teacher's report on each student 

1. Pafticipants 

The sixteen students were selected according to two criteria each of which was 
intended to Insure a variety of students Including "average" and "exceptionar 
students at both ends of the spectrum of academic achievement The first 
criterion was distribution on national achlevemfcnt scores. Table 1.1 shows these 
scores for fifteen of the students. The sixteenth student, Karl, had not been 
tested with his classmates due to "severe learning disabHities". The second 
criterion was the judgment of the classroom teachers who knew the students 
personally. Teachers were asked to rank them as below average average, and 
above average, pur sample Includes six students from each of the "non-average'' 
groups. 
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PrQcedLres ar^ Cqnclustons 



NAME TOTAL READING TOTAL LANSUA8E TOTAL MATH TOTAL BATTERY 
SCORE SCORE SCORE SCORE 



Hapriet 


98 


99 


92 


99 


Dennis 


77 


90 


72 


83 




79 


78 


74 


80 


Donald 


82 


64 


66 


73 


Laura 


71 


76 


64 


73 


Kathy 


52 


71 


56 


6b 


Jlfliny 


49 


53 


69 


57 


Monica 


69 


64 


40 


56 


Albert 


48 


57 


51 


51 


Oarlene 


49 


66 


40 


49 


Kevlrr- 


45 


26 


74 


45 


Betsy 


38 


37 


32 


32 


Deborah 


35 


44 


19 


28 


Ray 


11 


28 


40 


24 


Tiiia 


15 


2 


2 


3 



The Students' CTBS Scores (Percentiles), April 1978 

Table 1.1 

Adiiltf in the Clessroom 

The teacher Involved In the study had liught for seven years In the school and 
had been trained In LOGO at M.I.T. durltig the year prece^ng the work with the 
students. Before joining the school staff he had participated In the E.D.C. 
Ekimentary Science Study (ESS) project He was selected as someone who had 
had eMperience as an elementary school teacher and who had been Involved in the 
deveidpment of new educatienal materials, 

Besides the teacher three kinds of observers were present from time to time: 
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Procedures ind Conelusiens 



<1) regular professional observers who were not mshibers of the M.I.T. staffi 
<2> occasional observers who were not members of the M.LT. ^ojact staffi 
<3) members of the M.I T. staff. 

2. Learning/Teaching Goals and StrateEies 

2,1 The Classroom 



The classroom Inclined four Indeper^ent compulirs, each with its own keyboard, 
display screen and disc drive. A printer was evailable for use wsth onia of he 
computers when necessary. The studsnts wef^e p"?^n!ied with Roteboaks, graph 
paper, drawing paper, different kinds of pens, ^is and markers, and a full set 
of stationery supplies. A small round table neat j blackboard provided a netting 
for group lessons or discussions and for informal conversation among the students. 
Samples of the children's work were displayed on bulletin boards around the room. 

The students worked in classes of four, so that there was always a one-to-one 
ratio of students tn computers. The length of the class periods ranged from 40 to 
90 minutes as a function of the overall school schedule. Table 1.2 shows the 
distribution of meetings. We note in passing that we Jelieve that the ratio of 
students to computers is essential to the results we obtained and will be typical 
of the computer-rich world of the near futura. On the other hand, we believe 
that the student/teacher ratio of 4/1 would not have been necessary under more 
operational eondit'ons. 

CLASS STARTING AND NUMBER OF TOTAL NUMBER TOTAL HOURS 

ENDING DATES CLASSES PER OF CLASSES OF EXPOSURE 
WEEK 

I n/4/77-1 2/21/77 4 25 25 1/6 

II 11/4/ 77- 12/23/77 4 24 25 1/6 



in 3/13/78-6/1/78 3 28 37 1/3 

IV 3/21/78-6/2/78 3 25 36 



Table 1.2 

Fall classes met four times a week, for periods ranging from 40 niinutes to 90 
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minutes. In the Spring H was possible to arrange to hold the classes three times a 
wesk, snd to standardlte the times at approwmately 80 mnutes fer each class. 
Each of the four froups had approximately 4 hours of exposure to LOGO per 
week. Late notrflcallon of the award ty the Nitional &tence Foundation resulted 
In a late start for the fall classes and a total duration of approwmately three 
weeks less than that of the Spring clasae& 

2.2 Our Goals for the Students 

The LOGO system is designed to be flexible enough to serve as a vehicle for 
marpf different patterns of Isarning. Thus an Important part of the design of the 
project was making a set of decisions about what we hoped the students would 
learn and what strategies the teacher would adopt to bring Shis about It was 
part of the strategy that while the teacher wo^d exert some pressure for the 
students to achieve the goals we had set for them he would also allow deviations 
'/f he felt that a partfcular student would not respond to the pre-determlned goals. 
This policy proved to be immenrely valuable. SigniftAiant deviations took place In 
two cases. In each of these th« student taught us soifletNng very profound about 
how a computer can be appropristed to the service of an Individuals leaning 
needs. In one of the cases the student eventually relMrned to the "standard goarj 
In the Qlher the deviant student (Tina)had a learfilnji experience of a totally 
different but extreraoly rich sort We shall return to the- deviant students after 
discussing the goafs we set up in advance as the edgcationfll objectives of tha 
classes. In presenting them here we make an artificial separation of five "kinds' 
of learning. The reader familiar with LOGO methods will understand that In fact 
these happen simultaneously as aspects of an orgaNc whole . The students do 
not perceive them as separate In the early stages of learnlngi Indeed, only those 
students who achieved a relatively Ngh level of sopNstlcatlon dd so at ail In the 
course of the study. 
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The five gensral taaching objectivti were as follswsi 

Objectiva 1, Laarning to faal comfortable with and In eontrfil ©f the 
cemputar. Siudcnts laarn that thay ean dacida what the computer will do^ 
they teach ihe computer instructioni for each of thair tndividyally 
concalved projects. 

Objective Z Learning the alemants of the LO^ computer language. Tnis 
Includas 

<A1) The Idea of computer Inttruction In a formal languagai Its syntax^ 
ef fec^i and iisoctated firror missagifi the lOQO eommandi FORWARD, 
RIGHT etc. and the irithmatic oparatlons. 

(A2) The idea of sequantial procadura and tha ability t© Iranslate an 
informally defined plan into a werkini pregramithe LOGO commands TO* 

<A3) Tha usa of sub-prMaduras ar^ suparprocaduras. 

(A4) Editing and dabugginB LOTO commands EDIT, PO, POTS, etc. 

(Bl) Control of contmying prMasses with loops and/or reciiriions 

(B2) Use of varlablasi 

(B3) Conditionals and stop rules; 

(B4) Writing mteractiva programs; 

Tha subgoals listed above are divided Into two groups by the labels A 
and B. This is a post-hoc classification on the basis of obsefvattoii of 
these classes. It has become apparent that group A defines a coherent 
and accessible minimum core knowledge of programming. What this means 
and what It implies will be developed below In Section 5, Summary of 
FindlngSi and in later chapters. 



EKLC 
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Objective 3. Learning the "subject matter" of Turtle Geometry. Major 
subgoals incMe 

<A1> The use of nimbers to measure lengths and angles an intuitive 
as well as a forma! mBsimry of the turtle commands FORWARD, RIGHT 
etc Formal and Intutlve understandng of special angless 90, 360, 
180, 10. 

(A2) The group properties of number^ for example seelrig FORWARD 
10 FORWARD 10 as «qiava!ent to FORWARD 20, seeinf BACK 10 and 
FORWARD -10 as inverses of FORWARD lOi the modularity of the 
rotational group with respect to 360 degrees. 

(A3) Internal relations of angles defining poiygoni and ether regular 
figuresi POLY, SPIRALS. 

<A4) Similarity and symmetryj the similarity theorem In Turtle 
Geometry (if you leave the angles alone and doiMm the lengths you get 
the same shape twice as big.); the symmetry theorem (If you leave the 
lengths the same, and reverse the drecUon of the an^es, you get a 
"mirror Image" 

(AS) Cartesian coordinate systems. 

(Bl) Nort-Cartesian coordinate system^ inventing kI hoc coordiriate 
systems, polar coordinate^ etc. 

(B2) The concept of statei state transparent procedures. 

(B3) Curves as made up of "infiniteslmar line segmentsj algorithm for 
a circle es * - 

REPEAT [FORWARD 1 RIGHT 1]. 

(B4) Combining movements; eg. 
SPIN 50 MOVET 50 
produces a circle. 

(B5) The Total Turtle Trip theorem. 

Items In group A are computation-theoretic forms of Items of knowledge 
four^ In standard school currlcul& Most of the students had encountered 
related Ideas In their previous school work. Howsver, are tests show 
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Learning/Teach'me Goals 



v. 



■ that their understanding and use of the Ideas were, to say the least, 
shaby; Uems In Group B, on the othsr^ 

material usually found in college courses on calculus, topoli^ etc, W© 
could not compare this knowledge acquired in the LOGO environment with 
what had been learned in «chooi. 

Objective 4. Understanding the Relation between Force and Motion 

It Is now widely recognized that most college students who have not had 
several courses In physics have Incorrect ("Arlslotelian") Ideas about 
physical dynamics and that this is very hard to remedy by traditional 
teaching. With the small tJmG available in these LOGO classes it would 
have been absurd to se. a goal of having the students "understand 
dynamies''. But It was realistic to set a mdre limited gfial: to find 
situations In which the elementary school student could meaningfully eome 
to grips with laws of motion. The most direct form of achieving this was 
the creation of computer "games" in which the studehls* knowledge of 
turtles could be used to manipulate dynarriic turtles which in fact behave 
like Newtonian particles. The educational objectives were for the student 
to become iufflclently Involved in such activities to feel the contradiction 
between the turtle and his Intuition and to give him/her the intellectual 
tools that could In principle provide a way out of the dilemma. Our 
research goal was to demonstrate the possibility of doing so, to Identify 
more precisely the content of the studentsV"Ari8totell^ to 
probe its resistance to change. This component of the work, reported In 
chapter 6, It of a much more eKploratory nature than the work on 
geometry with which we have had very much more systematic experience 
In the past. 

Objective 5. Developing Problem-Solving Skills. 

Those skills stressed In the present project and discussed in this report 
include 

(a) "playing turtle" and ''playing eomput©r*i 

<b) the conctpt of a "bug'* in a eomputer program and strategiei for 
debugging ard plannlngi 

(c) procedural thinking^ 

(d) the uiefulndss of gdntralliatians and ^big lde&8"i ind 

(a) the d@veiopm@nt of a languaga with whioh the student qnd i^dult 
particlpanti in the projeet wore able to disouss these skills. 



2.?/! Teaching Strategies - 

Although tIjejMcher had certain goils in irind for the students, he allswcid 
*nem,,atdimt?'J,y 1^^^ to gat there. This allowed for the fast, clearly 
documanted in the following chapters, that since student vary In which 
aspects of the LOGO work they initially find easiest, they gel to the samo end 
result raqst effectively by following individually chosen paths. Thus, for 
example, some of the 16 students quickly became adept at using elements of 
,'"^*'«:?eo"™«lry Nt had more difficulty with lhe syntais of the computer 
language. For others, the reverse was true. As the students began to 
develop their own working styles and sets of priorities, ihey deveioped a 
sense off confidoiice about what they had done and about their individualized 
paths to learning LOGO. 

The initial contact with the computer was concentrated on (1) learning the 
elementary TURTLE commands (FORWARD, BACK, RIGHT, LEFT and 
CLEARSCREEM), (2) mastering elements of syntax such as spacing and the use 
of numerical inputs and (3) reading and acting on error messages. The 
students would then be encouraged to define their own tasks, typically 
involving drawing a specific, "simple" figure such as a square, a house, a 
flower, or their initials. Their first drawings were done by direct command. 
They are encouraged to keep a written record of the steps as they go along, 
and gradually learned to translate these lists into their first computer 
procedures. 

Hayi"! procedures that could be saved, repeated shown off to friends and 
integrated into a larger design built the student's sense of pride and 
confidence. The fact that the student's first procedure was a personal 
invention (even If developed in collaboration with the teacher) was critical in 
setting the tone of the relationship with the computer through the whole 
period i 

^'*e''1hf introductory phase the studentsV ways of working rapidly diverged. 
Some were most Interested in repeating simple figures. Introducing variations 
®'!^ WWt!ng again. For these 8^ 

and the use of yariables and some took the step in a fairly short ilhie. Others 
had elaborate ideas for computer drawi^^^^^ 

®*W the use of superprocedures and An interchange of 

approaches occurred as students began to show each other their work and to 
swap ideas. Students were encoura^ to borrow ^^^^ 
®^?n to copy them lino-by-line at times. (A lot of very useful debugging can 
occur when a "copied" procedure leds to an unexpected resiHt.) 
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Ttachmg Stratagias 



As the oliisas Mntmuedp the teaeher helped the students chsoia projaets or 
suggastad pro jactt based on their interests and abllitleii/ His rola in general 
wat to intrdduea^^^n^ when approprlatai to help th^ itudents 

improve thair programming styles througK^ use of modal programs and 
suggastions for debuggingp to aneouraga them to inyestlgate cartain areas 
mora deapiy, and in generali to help them to oonsolidata thair learniTig. 
Partleuiar attantion was paid to davaloping a language for problem solving 
situations In and out of LOGO work. 

The students mat at Intervals for group lessons where they €Ould share and 
discuss their work. Etfch kept a notebook of drawings, writtan plansi printed 
records of thair prpcadurasi other information, and a brief daily comment 
about what they had accomplished 

Throughout tha year, the teacher made a dally study of each "dribble filsj 
Im. the complete printed recordi key stroke by key stroke, of Inieractlon with 
the eomputer. This was vaiuable both as a source of data for raporting and 
analyVmg the progress of the srtudents and also as a daily guide in planning 
taaching stratagias. 

. 3 Data Collaet ion 

Data sources ineludfadi 



L Dribble filasp that is a complete record of each student's interaction 
with the camputen Following each classp printouts of the dribble files 
were carefully annotated by tht taacher and/or a regular observer. 

2. The taacher's anecdatat records of each student^s dally work 

3. A daily compilation of each studant-s work --^ printouts of procedures, 
hard copy of cpmputer drawings^ etc, 

4 Observation by Ms, Ounningi condueted on a regular basisi her 
written reports focused on studant^teacher, stLdent-^student and student-^ 
computer interactions. 

5. Regularly conducted observations by members of the MIT LOGO Group. 

6, Occasional obiervatlont by other members of the MIT facuSty, Dh 
George Hein, other evaluation consultants and visitc s to the LOGO 



ERIC. V 




clatsea. 



7. Informal meetings and workshops with the classroom tof^htrs and the 
— school principal. 

A seHes e^pre/post stiriont 
In cojiaborallon jtfUh Dr. 
punnlnf. Pre-inleryiewsi were useful In p^ 

InforniatlOn about each stude^^^ interests^ qMIIs^ ppobl^ abilities, 
and attltudas about themstlve^ thtir school Work and towards^ 

9. Interviews with the classroom teacher^ eohdycted by Dr. Hein, after 
the conclusion of each terles of daises. 

10. Seminars and meetings with evaluation consultants who commented on 
the data, 

11. Comments ptade at parents' meetings, school "o^ 

12. An indepehdent study made by Ms. C. Solomon en the diffusion Of 
LOGO knowledge In the school during the year following the work 
reported hsre. 

4 Themaa of Our Research 



We present our findings In terms of four themesin) can elementary school 
sludents learn to program cemputers? (2) What is the relationship between 
programming and learning mathematics? (3) What is the relationship between 
programming and cognitive style? H) How can we evaluate the work? 

The first theme is a set of concerns about whether students can program 
computers This cannot be formulated as a yes or no quMtlon. If the criterion for 
what counts as programming Is sufficiently trivialized the answer is taulbl6g|cally 
affirhfiatlye whereas if the criterion for what It Is to program is made sufficiently 
rigorous the answer would almost as clearly be negative. A ^better formul atlion 
would be to ask wiiat kinds of 'prdgramrni 

students. But to give an exhaustive answer to such a question would be a 
momentoys, and perha At best It is a 

question that can be answered only through a lengthy process of multiple 
experiments so that experiences in different programming contexts could be 
compared. This stu^ Is a step In that direction. We are possibly the first to 
have set up a well CQns,ldered definition of programmini (that was not dictattd by 
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tha accident of a particular programmini languaia simply being thara) and to have 
published (for example in this study) a detailed account of how a repreiantatlva 
group of students actually farad with It This Is not the place to delya deeply into 
the philosophy of design of the definition of programming embodied In the laarning 
goals listed abova For such a discussion the reader must consult our theoretical 
vyrttlngi (see the MIT Logo bibliography^ Hera we eonflna ourselves to 
enumarr ting a few design criteria for what constitutes a "good programmlhg 
expariai ce". 

i) As computer science has developed a certain number of po^/arful ideas 
ava come to be recognized In the field of programming. Amcmg these is 
ie clustar of Ideas related to the modularity of pure proc idures^ tha 
oneapt of top-down, "structured" programming ate. One of our critaria 
las been to capture for students as many as possible of the e powerful 
Jeas including. In partlcularp the romple cited of procedural modularity. 
We have, of coursai not been abje to capture all the powerful ideas of 
computer science. But we have made an attampt to capture some of 
them. 

(ii) There has grown up in the "computer culture" a rich tradition of using 
computational ide^js as tools to think about other matters. For axamplai 
the cognitive sciences now use ideas from Artificial Intelliganca to tliink 
about psychology; We have tried to provide, within our concept of 
programmingi ideas about thinking stylei ideas that can be used by 
students and thair teachers as tools to think about other matters of 
intarast 

(iii) Third, we refer to the "holding power* of programming. For many 
people this activity has an exceptionally powerful quality of engagement 
of attention. We believe that the search for the proper subset of 
programming knowledge to give students must take account of such 
affective critaria. Thus we pose the questions what kinds of 
programming will be most engaging for what categories of students? 

With these criteria in mind, we fixed on one particular vision of programming for 
tha purest of this study, Oir concerns have to do, on the one hand, with 
whathar^his approach to programing does engage students, whether in fact they 
l^am to do it and, i^n the other hi^^d, with whether what they are learning Is non- 
trivial, and whether it captures okimo of the intellectual and aestCiatic content of 
programming. 

This brings us to our second them% the relation between learning to program and 



learning other artas of knowledge, In this sti^ we have picked one Bwh areat of 
knowledge; geometry. It it our oontention that computational concepts allow 
some e§sential parts of geometry to be captured more concretelyi more deeply 
and more intuitively than traditionai conceptual frameworks. For e)campl^ where 
Euclid uses the static concept of a point we uie the dynamic one of e turtle. This 
allows a more direct and int^tive access to formal geometry. Anotheri perhaps 
more inimediately obvious example is the difference between the Idea of angle in 
Euclidean geometry and in Turtle Geometry. In the latter an an^e is an ection» an 
amount of turning, something that 3/6u (the'w^ 

own body or with your mental body image* Similarlyi the relation batween 
mathematics and physics becomes more immediate in this conceptual frameworki 
^ for the Newtonian particle turns out to be repre^^ species of 

computetlonal turtle closely enough related geometry tittle for each to 

serve as a meant for thinking about the other. 

In shortithe general concept of this second theme is that of synergistic domains of 
knowledge. We maintain that LOGO and Turtle Geometry are syner^stic in the 
sense that it is easier to learn both together than to learn either separ 
Perhaps the triplet geometry/physlcs/LOGO is evan more powerfully synergistic. 

The third theme is the relation of programming to general intellectual skills and 
styles. The question of the impact of computers on how people think Is a 
controversial one. There is a popular view thai ""programming teaches you to 
think logically." There is the view of certain critics who f ear th^^^ too 
Weill jyhat^^ thought 
at the expanse of intuitivei empathiCi holistic thinking. There is also the ff ar that 
it can encourage Isolation of the individual who comes to relate n^ore to tha 
computer than to other people. 

The data presentei here certainly make^ no claim to settle the controvert The 
issues are much too big for so modest a?i experimint But it does pernio t us to 
take some steps towards clarifying them. As background we recall that members 
of the MIT LOGO group have ginarally taken a more modulated view than those 
expressed above. We are suspicious of any statamtnts of the form "programming 
computers has effect K," The expirience of programming and the use of conc#pts 
from computation allows for such wide variation that consistent effects would be 
surprising. The task for educators is to learn what these different effects can be 
and to learn how to turn them to advantage for intellectual growth. 

The Jlrst publication from the MIT LOGO group was a paper by Papert called 
Teaching Children Thinking. The thesis of this paper vvasWt at all that computers 
would enhance thinking !n any automatic sense but rather lhat eKposure to 
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programming eould ba used t to think aboul their own 

thinking, Tlia tlorles of the sixlaan Brookiine itudants ara rich In Information 
ralayarit to plahnlhi strataglas for doinf this. For a>cam 
claariy than pravious studies how proiramming can ba a iansit^ 
expression of diffarant jntellactual styles. Different itudents working on similar 
projects eoma up with very different solutions. In other words the computer 
helps to axtarnali^a the i style so that it can MnfrtntM^ bo 

learner and teacher. 

The fourth thama is evaluatiom how do we know what really happen^ and how 
do we decide_whellier It Is "good?'' 

Most of this document is devoted to our attimpt to describe what was learned 
Insofar as it could be seen In the LGGO environment itself. This Is by no means a 
trivial matter of factual reporting. It jhvolves making Interpretations of observed 
behaviors and conjectures about the of the obstacles the students had to, 

overcome. For examplaj while the count of how many students eventually used 
the command RIGHT correctly Is a mere matter of statistics, much ifnpre comple 
Ifiuei are raised when we ask why a particular stLKlent uses the command only in 
the context RIGHT 30 (rather than RIGHT 20| RIGHT 90, ate.) or why aholher 
student takes so long to appreciate the synonymity of RIGHT SO and the sequence 
WGHT 4S RIGHT 45/ 

Two other important classes of evaluative question are touched on, but In a very 
much less elaborated form. First, the Issue of transfer. We obviously would Ilka 
to know how the knowledge gained In the LOGO environment is integrated by the 
individual student into other activities in school ar^ out of it. We did not hay© 
the resources to study this kiM of question In great detail and, in ar^^ case, are 
inclined to believe that the time courie of the study was too limited for deep 
effects to show themselvet/ \A/e did, however, probo the transfer eif f few parts 
of what is learned In LOGO that Is particularly close to topics of study in the 
normal classroom/ For example, we shaS! report below on a simple experiment to 
show that working with Turtles leads to a measurable improvement In the ability 
to estimate angles. 

A second queitlon of evaluation about which teachers will want to know mwh 
rnore than w& can tell them is how LOGO compares with other approaches to 
learning to program. For example. Is It really better than the much more easily 
acceisibi© BASIC? The final answer will come from formal or Informil comparative 
studies. In the meantime we think that anyone who has taught BASIC to "average" 
and "very weak" students at elementary schoo! level will recognlie that mai^^^o^ 
the key breakthrough points In our students* learning simply could not happen in a 
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Afthou^ litttr two itsuti it sli 

hava leirrad a grtat dtal about what kifKJ of study wa naed in order to olueidata 

thi^ifwt^^ 

In iMajfectual presaht en|^@d In a itrioi^ of i^pa^^ 

J^XWhfirttrd^ 

stydehts will hava alm^ Krasi to eorrputa^ 

ichool over a. paH(^ of two Othar emetisioftt hava to do wl^^ to 

pay eipaar attantion to af^ soelal atpacta of tha (aaitiinf 

Som<^ of our i^tudants show vary strong af fact in thair ralationiihip with Ih® 

computer and tha antlra^^ akpariancf , It hat bacoma quitt pl^ious ithat whan wo 

joolc fw **transfer'^ this ought at 1^ of faaHnga^ 

also ba conjacturad that^thir Is not sir^y an ^itlonal facfor to M iMi^it^ a 

well|m lha mw^ ^^^e'^Jpw what Is learnt It is incraaslngly^^^^^ 

that tte igNparlaneai Wiir irwisfar to tf^ learning of 

traditiprial ma^ failura 

^ IbPk at the^^ 

this obsarvation Is to look vary much mora closa!^ kii'ids of eNparianca 

rapprtad.hara In our discussion of '*aKc^ 

B, S umfitary off Findings 

54 Theme li A Cora Set of Programming Skills 

We approachad the projact with a dafinlta concapt of what wa hopad to have the 
students learni namely at least the set of objactlvas In group A and hopefuily 
thof^e In group B. (See section 2^2 for thas 

But we also had a flaxl'dle attitude ragarding both mathod and this possibility of 
mm^fying specific content goals/ Spac^ the students ware Introduced to 

a pre-planned LOGO/turtIa learning unit and were ur^er soma pressire to follow 
it. But deviations from were allowed when it became clear to the 

teipher that this would lead to a more maaningful learning e^qMrianca fo the 
studeht and for us. 

Which Students Learned To Program? 

Of the siKtean subjects we find that two did not whiava the set of skills In group 
A and so cannot be said to have "learned to program^ in any significant sense. 
TNs does not mean that they learned nothing* On the contraiV^ we have reason to 
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believ© that the ©Kperience profoundly influsneed at least ona of thant 

Our sample size was ce. tai small to allow for any gei,^?al Mnclusioni t® b© 
drawn about the two "non-^pro^^ Howaveri wt do note that they were 

the two students with the lowest scores on the National Aehieyement Testsr Tina 
with a total battery perMnlile score of 3 (!) never Itirned to write prMedures 
at all while Ray, with a score of 24, learned to write procedures and evef) used 
sub-prQceduraSp but did not reach our cnt#rion of being able to do so 
independently of help from the teacher. Karl, the student with, severe learning 
disabilities who did not havfi a test scorep reaehed the crfterion quite adequately 
although fn an interestingly personal way. = (Tlna^s and Karrt experiences are 
discussed in chapter 3, below, which focuses on eKceptional students. Further 
details of their work can be found In Part III which contains individual reports 
written by the teacher.) 

We had hoped to be able to demonstrate that ALL students irrespective of level 
of academic achievement could learn to program. In fact, the strongest statement 
of this kind that we can make on the basis of the presentr^Mudy is that all 
ftudenti except those In the lowest quartlle of school performance did reach our 
€riterla.However we are able to maker a much stronger statement of a somewhat 
different and much more Important kind^ 

ALL students Irrespective of oerformance level were engaged 
by computer activities in the LOGO environmenti all 
underwent significant observed learning and we made 
significant progress towards developing a rriethod^ of 
channelling this learning toward mastery of programming. 

The most significant idea in the direction of this general methodology is a 
development of the concept of ''mlcre-wor^^ has guided much of our 

thlnking^ver the past few years. The new development of the jdaa fs well 
illustrated by the ixperlen the subjects In the present study, This is 

Deborah who will be discussed at several places in the following chapter^^ Vei^ 
schematically Deborah's progress c be described as having three phases^ 
During the first she made little progrets towards mastery, of LOGO* Her behavior 
was dominated by a lack of security and negative self images In a second phase 
Deborah defined for herself a very restricted sub-world of the LOGO/turtle world 
by placing severe restrictions on use and what forms 

of projects she would undertake. Within this personally constructed micro*world 
she could feel sufficiently secure to explore and become comfortable with the 
machine.^ the turtle and with the forma! context of programming The thlFd stage 
developed Just in time for us to observe at the end of the study* Deborah 
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pontaneously broke out from the self-imposed boundaries of her Rricro-world ts 
begin exploring thf larger •'official" turtle w 

Deborah's expttrience was made possible by the fl^Kpfty M IK# lOm itin^Uter 
^tem and by the JeacWng mBthodoloiy that Wirde^o^ with it Stu^ of the 
detailr of what took place has led us to a gtherar research eHihlatloH of 
IniTf asing the ease with which this pattern can be followed by other stirients. 
From a thftw^^^ point of view It has confirmad our long-starding belief In th® 
importance of creating systems that can be appropriated in a pertonal by 
individual stiKients. 

More Advanced Programming Concepts 

Since the work in the classes was highly project-oriented each student's needs 
for eencepts In group B varied accprding to the kind of project eacfi adojjted. 
Thus a count of the studenU reachinf a criterion of masteiy of eMh concept i 
not an informative measure.' We note, howeyeK that half the itudent^^ 
independent mastei^ of et least one of these group B coheeptiu Of theiie ilght 
stucients, siK^alfo. rnastered at least one other group B concept, while the other 
two were apparently very close to doing so. The group B concept most 
frequently mastered was loops and recursion. 

The students who went farthest In mistery of the listed group B concepts were 
Harriet, Gary, Kevin and Dennis. Reference to the list of achievement scores 
(Table 1.1) shows rather close agreement between high scores and mastery of 
group B concepts except for Kevin who had a low total score but a high 
mathematical score. 

We feel that these results confirm us In our separation of the group A and Group 
B concepts and In approaching programming via the first set We call attention to 
the fact that this is made possible by specific and deliberately designed features 
of LOGO. By contrast, in BASIC, it Is impossible to write interesting programs 
without using seme of the "advaheed" coneepts so that the "non-mathemallcal" 
students have difficulty getting started and the gap between "mathematically- 
minded* students and others is widened. . 

5.2 Theme 2;^ Turtle Geometry and LOGO as Synergistic doma'ina 

As far as it appeared from our study, the students did not distinguish between 
learning programming and learnlrif Turtle Qeometry, Their initial work at the 
computer, and In some cases all th^ir work, consisted of developing programs to 
produce graphic effects on the compuier 8creen.i. The separation of the 
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knewladfa rsqglrsd to develop these prcfffams int^ 

arithmetical knowledgei geometrieal knowledgfj, heurlstie knowl^gti etc. daei net 
appear to have been of much concern lb them. They m^^y be^r^ In their 
attitude. We^ howeyerrfelt It necessary to make these distinctions^^^yo^ 
was to make our work more intelligiWe )g educators used to thlnkinf in terms of 
subjects each of which has a distinct curriculum, Anotheri more fundamentali 
reason was to classify LOGO-related knowledge according to the type and style of 
Intaliectual skills required The boundaries botween school subjects are often 
artlflelat For examplei it appears to us to be pedagoglcally and epistemologlially 
wrong to separata "calculus** from •*physlcs" at the Introductory levels/ The 
boundarias wa have descrlbedi on the other handy reflfict real differences In 
Intallectuai approacK These distinctions haive aldid the students and provide a 
Useful structure ibr discuss^ intellectual gains. ^> 

In ahaptars 4 and 5 of this report we shall present detailed inalysis of the 
Intaliectual content of what one group of students Involved 
laarnad in LOGO/turtle work That analysli, taken with chapter 6— where we 
show how turtle work brings a beginning student into touch with some 
fundamental ldeas In physics shows that a great deal of tradlUonal knowledge is 
embadded In and eKerclsed by work with turtles. ^ 

5.3 Thame 3r Identifying Intellectual Styles 

The study has provided us with new data concirning the diversity of intellectual 
stylesp and the effect of learning LOGO on an Individual student's Image of herself 
or himself as a learner. For eKample, even when two students end up with vei^ 
similar products, an analysis of the dribble filei which shows the procesi by which 
ihm% arrived at their resulti Indicates that there is no sense In which they **juit 
did the §amd thing**. The data from the project has yielded some ver^ fine 
examplas of convergence of different processes and has contributed to further 
work on classifying Intellectual styles. We see this as^ extremely important both 
for theoratical psychology and for the development of strategies for teaching and 
laarning, 

Tha most striking dichotomy of styles one sees in a LOGO environment is that 
between what computer programmers would refer to as ''bottom up** as against 
Hop down" programming.; The top down programmer Is a piaiiner. He starts with 
a clear model of an end result. His first step Is to translate this into a program 
the details of which are left blank but whose structure has been fixed from the 
outsat Here»' Donald repraskhts the extreme example of a ti^-down prdgrammar 
who worked steadily to turn a hand-drawn face Into a computer program that 
draw a face remarkably like It Over a period of twelve sessibns Dmald workad 



if* fill in th« gaps in a program, HEAD, that had l^&n en Its almost final form by 
the saeond of tho Iwelva sesslont, (See pp. 2.1% 2.13, below) 

Deborah also produeed a face. A glance at her first and last drawings, pp. 2.7 
and 2.8, will shew immediately that she was following a vei^ different process. 
She has been miieh freer th^ Donald in allowing the final product to emerge as 
she went along. The difference is even more striking when we look at the stages 
of emergence of her prbcedifl'e as sHowri on p 2.a The procedure was iHiill^ i^ 
line by line as she worked at ft with little trace of Donald's preference to 
structure the whole before beginning on the parts. Following Levi-Strauss, Bob 
Lawlar has proposed to call Dtbwah's cognitive style a "br^^^ A 
certain well-established intellectual tradition tends to look down on the style of 
the brieoleur and sea the obsessional planner as the model to follow and Impose 
on students. Resiarch by Lawlar and others at M.I.T. as well as the results found 
in the Uncoln study indicate that the style of bricol^B na^ be much more natural 
and much more productive than is usually aAiwtted. Certainiy we are convinced 
that the turning point In Dfrborah's development In LOGO «nie when the teacher 
found a way to let her feet supportMl In develeping en^renie form of bricolage 
in her work. Possibly tNs was one of the first times when tWs girl felt that she 
had achieved success and acknowledgment through work in her own personal 
style. And h»r response to this sense of security was so great that she was able 
to make some lenlativff. essays into the planner's style of work. Thus even 
educators who do not admit bricolage as a valid mode of work in itself should give 
It credit as a stepping stone to the ability to experiment wth a variety of styles. * 

(More details ef Deborah's work can be found in chapter 2, below, and In her 
profile in Part III) 

5.4 Theme 4i A Tentative Measure of "Transfer" 

The results cited in this section are Intended only to illustrate a direction of work 
in Prefi'ess. They are incomplete and at best on the fringe of statistical 
siinlflcance. Nevertheless, our considered judgment Is that they are highly 
plausiNe and reflect real trends. We offer them as a guide to others who n»y 
want to pursue such questions more rigorously, as we are now doing ourselves. 
With these qualifications, let us turn to a particular issuei the transfer of 
kn<£Wledge about angles and angular measure from the Turtle content to more 
general ones. 

What should we measure? It is clearfy not sufficient to test knowledge of 
discrete "facts" such as "a square angle Is called ninety." We want to measure 
the use of the knowledge in a context where the student has to apply it less 
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litsraliy. On tha bthir N we do not want to eonfusa tha liiue of the itudtnrs 
knowledge ibdut^ a^^ mothodi in other domains. Our 

compromlie was to^study the §tudent*i ability to parform on the task shown in 
figurs L2. 

We hava data about this task from three oatagoriai of subjects. 

Category U Students who took part in the stuc^ reported hare. 

Category Ih Students who took part In another less systematie LOGO/Turtle 
computer experience. 

Category llh Students who had no computer experience 

Each subject went through the test twicti before and after the computer 
eKperienca in the case of categeriti I and II. We adopted an arbitrary scoring 
method to give a numerical value to the differences obtained and found (no doubt 
coincidentariy) that category I came out ahead of categoiy II by about the same 
score difference as category II was ahead of c^^ 

These differences do not quite make itatistlcal significance but are so convergent 
with many other observations that we believe them to reflect genuine change. 
But we need to probe further into the nature of what is changed For example. It 
could be Improved ability to use numerical estimates in general rather than 
improved knowledge about angle in particular. The question is elucidate a little 
by the performance of the same subjects on another task, the one shown in figure 
1.1. Here again we find categorlei I ard 11 doing better than categoiy IIL But the 
differences are less pronounced One possiblf Interpretation of the coqiparison 
between the two tasks is based on a conjecture that may prove to be critical in 
this kind of study. The students came to both iasks with "intiritive" knowledge 
that Has betn built up over many years and In Informal as weH as formal settings. 
The new knowledge acquired in the Turtle (or any other) learning environment has 
to "compete" with knowledge khat is already firmly rooted How firmly it Is rooted 
might influeme how much time is needed for new knowledge to ds^ace it This 
would account for smaller improvements in the caie of estimates of length than in 
the case of estimates of angle. It would also suggest that sensible measles of 
change have to aflow for longer periods of time than we were able to use In thia 
study. As we have already saldi we have begun deepe of such 

issues In studies with a much longer tlmt course. As an indirect consequence of 
the length of the new studies, we shall also be able to collect much mora varied 
information about the development of each subject 
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W« ^ofKlude by citing two other laskf, largely vnih the Inltrillon ef reminding 
riaders that sixth grade students In publts schools have a head for learnln| 
intellecti^ skiHs that on^ to be quite et^ 1^ that age. The tasks 

In figures 13 avid 1.4 are self-e»q3lanatory. The test scores we obtirined follow a 
diff^reritVpatte^ from^ 

subjectCcould do them as well as a soFMsticaied adiit, 

performed "perfeetly" on the estimation tasks.) Given thISp it will not be 

surprliihg that those students who who did not obtrin^^^ 

test all showed major improvefflents on the task of flgire 1.3 <wNch 1^ of course, 

very close to the tyrtle work) and about half showed striking improvement on the 

task of figure 1.4 <wNch Is related to programming bu^ not a drect transposition,) 
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If this length is 100 
Hew long are these? 




(d) 

(t) 



Draw a line which you think wm.be 

(f) 150 

(g) 400 

(h) 99 



Task 1 
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If thii angia 1§ 40 units 




• 1 



What would ysu astlmata thase to be? 
(a) 
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Can you give one step for the series of 
Forward and Backward steps given? 



Example; 



FD 20, BK 10, FD 20 



FD 30 



(a) FD 30, FD 40, FD 30 



(b) FD 60, FD 80 



(c) FD 80, BK 20, FD 30 



(d) FD 50. BK 40, FD 50, BK 40, FD 50- 



Task 3 
Figure 1.3 

1 
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pre/post interviews used with our aKparimental subjects. Mi. Dunning conducted 
the pre/post Interviewsi and observed the classes at regular Intervals. Prof. 
Hdin conducted claisroom observations, interviewed the students- classroom 
tsKhars after each round of e^perimentat classes, and participated In several 
project meetings. 

An Important aspect of the project was the way In which tha computer culture 
was able to spread within the school, In addition to the eKperimtntirl classes for 
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our sixteen subjects, LO^ classet were also provldsd for the rest of the ilxth 
graders in the school. These classes were taught by volunteers, primarily MIT 
student^ who were supervised by Or. Watt, and Professors Abelsoi^ diSessa and 
Bamberger. The volunteer teaehers who contributed greatly to the overall 
success of the project wares Harvey Alcabes, Enno Becker, Kou-Mei Chuang, 
John Hengeveld, Danny Mlll^ Rene Mlargiriie^ Marpret MIniky, Brian »thwart^ 
ai^ Ursuia Woli. An after scHoot computer clirf), led by MIT graduate student 
Jose Valente provided an opporturtty for seventh and eighth grade students to 
learn LOGO, and for certain sixth, graders to extend and deepen their LOGO 
knowledge. In adcRtlon to teacNng, these students contribute b^ond measure to 
the intellectual atmosphere surro^ng the project. Since it was in the nature of 
this project to be "conservative" in developing a version of LOGO that could be 
integrated into schools in an immediate horizon and in the nature of these students 
to be "r^evolutionary* in looking beyond such Immediate horlions, many of the 
student generatMj ideas have not foiffld a place in tMs reiwrL They will make 
tHemselvas increasingly felt in future research directions. 

The proJect*s technical components includng hardware and software support wmtm 
carried out by Ron Lebel and Brian Silverman. 

Data analysis was carried out by the entire project staff. Our analysis owes a 
great deel to discussions with Professors Hermine Sinclalr-de Iwaart of the 
University of Geneva and Guy Groan of McGIII University, both of whom visited 
classes, atter^ed project meetings, and commented eriticrily on our first attempts 
at analysis. 

We had a number of visitors to our experimental classes, many of whom offered 
helpful comments. Two visitors whose comments were especially useful were 
Cynthia Solomon and Kiyoko pkumura- Montpetit, both Mghly experienced LOGO 
teachers and innovators. Cynthia Solomon conducted a follow-up study in the 
school during the 8ubsaque?)t (I.e. the current) schoor year whose results will be 
published In due course. Another kind of insight was contributed by Susan 
Hartnett who attended a number of classes and filmed one as part of an 
experiment In the use of film to capture aspects of the students* work. Perhaps . 
the most disappointing aspect of the project was its inability, imposed by lack of 
resources, to follow up on new Insights contributed by visiters. However, many of 
them have been absorbed into future oriented thinking. 

Behind the scenes at all times was Gregory Gargarian who is listed in official 
papers as "secretary" but who In fact did enormously more than can properly be 
described by that (or perhaps any other) term. In addition to orchestrating a 
eemplex, movement of machines, people and texts so that the right ones would be 
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in the right placts at the right times he was tht parson who was most in toueh 
with the day to day naads of the project and of the people In it 

An Interim Report, describing the work of the first eight studani^ and eehtaining 
our first attempt at data analyils, was written by the antlre project staffp and 
coordinated by Sylvia Weir. This report was published as LO^ Memo #49 In the 
spring of 1978. 

This final project report was written by Prof. Seymour Papert, Dr. Dan Watt» 
Prof. Andy diSeisa and Dr. Sylvia Weiri under the overall direction of Prof* 
Papert Part 111, containing ir^lvldual student profiles was written by Dr. Watt 

Editorial contributions were made by John Berlow, 
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In this chapter and In Chapter 3 whieh deals with "eKceptlenar itudenti, we 
present brief iummarias af the learning experiences of ieveral of our 
axperiniental subjtcli. In presenling the different learning prwesies of these 
Individuals we describe varied spproaches to geometryi computer programminf, 
choice of projects, planning and debugging and problem solving that are availabla 
to students of LOGO. Each summary has been chosen to illustrate a particular 
approach to LOGO. The work of these studentt and of the rest of our 
e?<penmtntal sample is described more fully In Part III of this reporti in whioh 
detfiied, comprehensive profiles of the work of each of our sinteen subjects are 
presented 

We present here-^a summary of the experiences of four sti^ant^ Kalhy, Deborah, 
Donald and Kevin. Kathy specialized in a "bottom-up* approachi building up 
compIeK designs from a set of modular sybprocedures, Qeborah also made use of 
a ^bottom^up" approach although hers was based on exploring the effects of long 
sequences of direct commandsi selecting si^cessful designs ar^ copying the stf ps 
to create procedures. Eventually Deborah learned to mike use of iubproc^ dures 
and planned and carried out a major project Donald worked in a "top-down** 
manner^ starting with a definite plani writing a superprocedure to define his 
project, and carefully planning each sub-procedure before dariylng it out Kevin's 
work fit somewhere between Donald's and Deborah'si his plans were more vague 
than Donald's and he was willing to alter them as he workedi while creating 
structures that helped him carry out his projects. 

1. Kathyg A Modular, Bottom-Up Aoproich to LOGO Activities. 

Kathy was a student with a subtle sense of humor who derived a great deal of 
Intellectual pleasure from her work. When difficulties were encounteredi she 
preferred to resolve them on her owni although without a great deal of 
persistence. When she did ask for help, she usually accepted the teacher^t 
suggestions, and readily learned new Ideas in the context of the projects In which 
she was engaged. 

Kathy carried out doiens of small projects In the course of her LOGO experience. 
She. shifted back and forth between open ended explorations and small goal 
directed projects. Her favorite activity was to repeat and combine exiiting 
procedures to produce unexpected results. Often she would Interrupt an 
exploration to pursue a particular idea which had been suggested to her by the 
designs she had just created - , 
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One of the ways In whish Kathy struclursd iitr work was In her sheiee of 
procedure narnes. Her prae^re names often ImBeated the relationsNp between 
a new procedure, and the aubproctdures from wNeh it had been biilL Thus, a 
symmetrical design was called BARN because It was built by repeating a 
subprocedure called HORSE. A proce^e called WOni^Y was made by doiMIng all 
the sizes in a similar design called WORM. And, In a rare mwi^e of top-down 
naming, a procedure called MONST^ was made up of sut^ocediret MO, NS, and 
TER. 

Kathy*s approach to her work is exempllfi«l by a seriei of smail projecte wNch 
made use of a BOX and a TRIANGt.E precede as fundamental btrildng bleeka. The 
BOX and TRIANGLE proceduret ware constructed ckjrlng periods of carfrful, geal- 
directed explorations. 

TO BOX 

1 FORWARD 100 

2 RIGHT 90 

3 FORWARD 100 

4 RIGHT 90 

5 FORWARD 100 

6 RIGHT 90 

7 FORWARD 100 
END 

Rgure 1.1 Figure -.2 

Box was the first procedure completed by Kathy and her froup, and they 
Immediately followed by constructing a series of figures making use of BOX as a 
subprocedure. (See examplas in section 1.3.2 of Chapter 5). It was quite natural 
for her to repeat TRIANGLE as well. She was pleased with the result, calling It 
BUTTERFLY. She then repealed BLnTERFLY six times untH the figure "closed". 
This new design she called 7BUTTERaY (reflecting an Initial miscount of how mar^ 
repeats of the BUTTERFLY procedure she had used). 




TO TWANaE 

1 LEFT iO 

2 FORWARD 100 

3 RIGHT 120 

4 FORWARD 100 

5 Ria»rr 120 

6 FORWARD 100 
END 
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Kathyi Simplejesipis 



TO BUTTERFLY 

1 TRIANGLE 

2 TRIANGLE 
END 




Figure 1.3 



TO 7BUnERFLY 

1 BUTTERFLY 

2 BUTTERFLY 

3 BUTTERFLY 

4 BUTTERFLY 

5 BUTTERaV 

6 BUTTERaY 
END 



Figure 1,4 




Following her Initial exploration with triangios, Kathy's teacher suggested that' she 
put her TRIANGLE and BOX procedures together to make a "houie"J After some 
goal-directed eKploration, the HOUSE procedure resulted. Kathy immediately 
repeated HOUSE four times (calling this new procedure H0USE4) until the design 
closed. Next she wanted to see how her H0USE4 and 7BUTTERFLY designs weu)d 
go together. She named the result HB47, Indicating Its relationsNp to H0USE4 and 
7BUTTERFLY. 
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TO HOUSE 

2 mmr so 

3^ 
END 



TO TOUSE4 
1 HOUSE 
aHOUSE 
SHOUSE 
4H0U^ 

mo 



T0HB47 
1 HnJSE4 

zTmmwmy 

BHD 






^giFe i.S 



This set ef projects eulmlnated whan 
spider," and returned to gosl-dractad ae 
design, to produce the prseedirfl SPI. 



deelared that HB47 "loolcs lilce a 
a swies of drdes to the 



TO SPI 

ai^iRCLESO 
3LCIRCl£30 
4RCIRCLE20 
5iCli^LE20 

6 BK 30 

7 RCIRCLE 10 

8 ICiRCLE 10 
END 




Figure 1.8 



Although Kathy had construeted HM7 and its tiAproMdurti by rtpMting simple 
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ihapss Qvmr and Qvtr to makt a symmatrical daiipii iha was also abia to make 
e^plielt use of both riiht/left tymmtt^ and iimilarity of ihape In the procest of 
conatruoting her "spider" It was this Mmblnatlon of more or lass random 
explorations involvinf existing proceduresi with sxpert Ui© of hturisllos sueh as 
iimilarity and symmetry whan working in a goahdlrtcted mannar, that meal 
commonly oharaoterlitd^^athy's work 

2. Deborah: A Contrastlni "Bottom-Up** A&:3roach 

Unlike Kathyi who Is a bright itudenti sueoessful In all of her aoademio work, 
Deborah is considered to be a "slow laarnar". In class the often appears to be 
withdrawni h^ifferant to the subject mittef* or to her fallow students. When she 
began work in LOGOi she was totally dependant on the teacher — requiring his 
reassurance on matters as rotitine as when to type a carriage return. 

Deborah was able to build har confidtnce and yrKjerstarriing slowly by limiting her 
choices of LOGO commands and inputs, limiting the goals of her work, and by 
working in a way that minlmlied the chances of error It was as if Deborah 
Invented an unstated smi of rules governing her work in LOGO which helped her to 
be si^cessful. 

Deborah used as few different commands as possible in her work Basic TURTLE 
commands along with RARC and LARC ware almost the only commands she used 
For inputs to TURTLE commands, she used only multiples of 10, up to 100, If a 
larger effect was needed, she would use additional steps, as in FORWARD 90, 
FORWARD 30, In fact, Deborah began by using only inputs of SO, and gradually 
expar^ed to include other numbers, while continuing to use 30| 60 and 90 as her 
favorites. 

Deborah^s patience In a one-step-it^a^-time mode of operation was quite 
remarkable. Her format was quite stereotyped (1) carry out one TURTLE step 
(turni move or penup)i (2) check to see if that looks right on the screeni (3) If S0| 
write down the step and continuti (4) if not, clear the scra^r^ retype all the steps 
previously written down and try another choice for the questionable one. 

While Deborah began her LOGO expariance by asking for help at literally eveiy 
turn, ship had a deeply engrained resistance to new ideas or concepts. For a long 
time she rejected the use of subproceduresi although that modification in strata^ 
would have greatly expanded her possibilities. It was as though she deliberitely 
provided herself with a vary definite and restricted "microworld" in which to 
operate. 
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Debcrab Rawing a Star 



On th© other han^ the "iwcroworld" wWch Dtborah ehoss fer herself, the world ef 
FORWARD 30 RIGHT 30, is very ntarly as rich as all of Turtle Geometiy. It 
Ineludes squarei, triangles, •circles,* stars," "mtR," "rabbits," and a variety of 
^traet design^ as well as the mathtmatlcal concepts of perpendiculBrity, Inverse 
operations, the Total Turtle Trip theorem, symmttry, similarity, estimation of 
lengths and anglts, planning and debugging, and prKedure writing 

By linMting her Inputs to numbers such as 30, 60 and 9^ Deborah enhaiiced the 
possibility that her explorations would prodyce Interesting results. At the same 
time, she seemed to have a high degree of visual Intultloi^ often choosing precisely 
the correcl input to produce a desired effect. For e^tafflple, during one LOGO 
session the class watched a film wNch featu'ed cofflputer design^ among then^ a 
slx-polnted star. When Deborah came back to class, she drew a slx-polnted star 
with the computer, without making a single mistake. She began by turning the 
TURTLE RIGHT 30, and us^ a combination of FORWAtW 70s and RIGHT 60s to 
complete the star. The actual rotttlons reqwred to construct the star were RIGHT 
120 atihs potnts, and LEFT 60 at the Inner vertices. The way Deborah 
accomplished these rotations was j^ite typical of her work. After each forward 
step, Deborah would turn the TURTLE RIGHT 60. She kept tuminf It RIGHT 60, 
until the TURTLE was he^d In the right drectiea TNa required two repeats of 
RIGHT 60 at each poln^ and five repeats of RIGHT 60 at ea^ Inner vertex. At 
on© inner vertex she missed the correct orientatlMV and calmly repeated RIGHT 60 
for a total of eleven times until the TURTLE was aimed in the right dlrectisn. 
When she copied the steps In htr notebook, she copiad all elevan RIGHT 60s 
without any hesitation. 




undertaka a major project She drew a pictura of a rabbit in her rattbook, and 
asked the teKher if he thought that would make a good projeot He iUggnted 
modifying the rabbit, to make ust of itralght rsih^ than ourv^ llne% and redreiv 
the Future her In more iimplifled form. 




Figure 2,2 



Although Deborah began by trying to draw tha rabbit at a long iiries of o owiiiafidte, 
she quickly acceptsd her tiacher-i suggestion that she break the proUem into 
partip and make each part a separate tubprocidure. While har work was direated 
toward an ovarall goali and involved a certain amount of "top-down" planningi she 
ooristruoted the rabbit piece by piece, in her usual eKpioratory fashion. Once again 
her choice of Inputs to FORWARD and RIGHT comands were such that it was 
relatively easy for her to make the design come out the way she wanted Without 
any apparent planningi she chose the length for the tidei of the rabbit's head 
(FORWARD 90 FORWARD 30) in a way that made it easy for her to locate the 
eyes and note symmetrically. The angles and lengths she chose for the ears a 
departure from her usual 30 or 60 degrees resulted In almott perfeet 
symmetry. Details of the project are given in the profile of Deborah-s work| In 
part III of this report 
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LITTLEEYES 
FACE 



TO RABBIT 
S HAT 

10 LITTLEEYES 
15 FACE 
20 PENUP 
25 FORWARD 78 
30 FORWARD 3 
35 RIGHT 20 
40 PENDOWN 
45 EARS 
50 RIGHT 90 
55 FORWARD 50 
60 FORWARD 3 
65 FORWARD 80 
70 FORWARD 5 
75 FORWARD I 
B0 RIGHT 90 
iS RIGHT 20 
90 EARS 
END 
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With the complttlon of her rabbit projtct, Deb§rah hid almest telally revgrsed her 
Initial fegllngi of deper^ence and Incompetenee, She invltad her pare^ teachers 
and school prlmipal to visit the computer lab, ind In many waye, demonstrated to 
her visitors and classmates her new found sense of confidence, satisfaction and 
power, , 

3. Donaldi A Structured. fop-Down Approach to LOGO Activities 

ponald provides a striking contrast to both Kathy and DeboraK Donald's work was 
characterl^ by a strong component of advanced planning, and the creating of 
structureanriHMn which problems could be solved, At the fiame time, Donald was 
quite ineffe^lve at the visually-based, exploratory modet of problem solvlnf 
which were so usefui to Kathy and DeboraK He had difficulty estimating angles, 
and making use of the visual feedback provided by his eKplorsiUanii to improve his 



next itttmpt 
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Throu|hout his \)vork Donald was extremely receptive to iuiiestioris from the 
teacher, often making use of new Ideas before he fully understood them. Ifl this 
way, he was able to incorporate into his way of working, strategies that would 
continue to prove useful, as he gradually ctme to understand them through use In 
more than one conteKt. He seemed to have the confidence that he could make use 
of the teacher's suggestions effectively and that he would eventually understand 
them, even if the concepts were a bit hazy at first. 

As an example of both the effectiveness and drawbacks issoclated wj Ih DonaWs 
structured planning jipproa^^ as Well as of Ws difficulties with visual approic^^ to 
problem solving wh M his construction of a "house" from ■ square and a 
triangle, a feommoh LOGO task, tackled by many students at an early stage of their 
l;OGO experience. 

AV first Donald attempted an eKploratory approach to solving this problem. He 
began by drawing a triangle on the screen, m^ing use of TR3, a state transparanl 
equilateral triangle procedure! , 



TO TRI 

1 FORWARD 100 

2 RIGHT 120 

3 FORWARD 100 

4 RIGHT 120 

5 FORWARD 100 

6 RIGHT 120 
END 

Figure 3.1 

Having started with the triangle, thfl framework Donald estsWIihed for solving the 
problem involved changing the "norrnar orientation of a "house," to correspond to 
the Initial orleotation of the triangle. When Donald was asked to draw a picture of 
what he was trying to accomplish, he made this diagrami 
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Figure 3.2 



Sinee h# was now dealing with tvra dlsoHintations, th^ |ap between the TRI^^^^^a^ 
BOX precedures, and the tilted orlehtation of the entire shapei P^^^ 
difficulty than he could handle, and in an entire period ef eMpldratidn, h# never 
succeeded In resolving the preblem In this form. 

At the next class, the teacher suggests that Donald draw^tHe JOK flrsL Thje 
suggestion provided him with enoU|h new Insight t§ devise r plan for solving thft^ 
probienfi. Ponald*s plan iliowed him to avoid the usual pi^^^^ 
rotation needed te attach the triangle to the upper left harid corner of the beK, 




Figure 3.3 

Instead, Donald moved the TURTLE tc the upper rl|ht hand eorner of the boK, 
reversed its direction, end then drew the triangle so that Its first aide wm dofii 
the top of the box. 
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TO HOUSE 

1 BOX 

2 RIGHT 90 

3 FORWARD 100 

4 RIGHT 90 

5 FORWARD 100 

6 RIGHT ISO 

7 TRI 
END 






Figure 3.4 



Oonald had one major projMt which «cupl^ Nm for more than 12 class periods 
— more time than any other student devoted to a sinile project This project 
began with a plan, a cartoon-like drawing of a man's head, wNeh formed the basis 
of Donald's work. After one brief session of exploratory work, Donald revised his 
plan, and worked with his teacher to create a superprocedurey designed to draw 
the entire figure. 
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DsnaldTs First P'an Donald's Ravised Plan 

Figure as Figure aS 

Donald*s erlginal superpresedure, TO HEAD, Includtd tim flrtt features of the 
heaeh Ih© outside (ipK), EYES, NOSE, MOUTH, ItARD and HAIR. Once the 
superprooedure was wrltters each subprMfdure btcime a rrtnl-projM^^^ 
one er two classes to resslve. Each feature of the head required it*t own 
constrtKtlon plan, a combination of the analysis and ekploration need^ to eariy 
out While working on the features of his hea^ Donald make use of a great deal 
of teacher assiiitance — espBcially In developing approaches tO geometrle analysis 
that were neceMary to overcome his difficulties with ^^v^ 

• 

In the course of his work Donald encountered estimation of distances and angles, 
the geometry of arcs and circles, the Total Turtle Trip thoorem, and the use of 
both grid->based and intrinsic coordinate systems. He learned to use 
subproceduras and sub-subproced 

a REPEAT command, to make use of variables to control the slzii and thapa o Ne 
"hat" and "flower" and to use a POIY procedure with a conditional stop rule, 

45 
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Although Donald only "learned'' these approaches to the extent neceisary to solve 
the, R&^tlcular problems Iriherent In his project, each succeeding use of the same 
coneept, reinforced his exposure to it, deepening his sense of maste^^ 

Donald's final figure, drawn by the superprocedure, HEAD, reprMants an almost 
literal translation of Nt revised plan, figure 3,6, Into a cowputar preram. 

TO HEAD 

1 BOX 

2 EYES 

3 NOSE 

4 MOUTH 

5 BEARD 
i 

?a EARS 
00 HAT 
B5 FLOWER 
END 

4. Kevlni An Expert TURTLE Drlver"i an Intermadlila Examrta 

In his LOGO work, Kevin combined certain qualities that were present in the styles 
of Kathy, Deborah and Donald. What particularly distinguished Kevin's style from 
that of the other three fitudents discussed In this chapter was Ns superior ease 
and comferi in manlpiilatln| the TURTLE -7 both In moving the TURTLE from ptaQe 
to place on the^^^^^Aci display screen, and in finding ways of eombining and 
simplifying series of turtle steps, to facilitate his work. 

Like peborih, Kevin worked In a step-by-slep fashion, taking careful notes as he 
worked. Unlike Deborah, Kevin was able to examine his lists of steps, (combining 
FORWARD 150, BACK 10 Into one step, FORWARD 140, for inslance) eliminating 
unnecessary steps. Like Deborah, Kevin chose Inputs to LOGO commands and 
procedures very eifectlvely. Unlike Deboral^ he often made connections between i 
the inputs he used. For example, when drawing a right Isosceles triangle he began 
with a rotation of 45 degrees. When asked why he chose 45 degrees, Kevin had 
two responsesi first, It looked about right" and seconc^ "45 is half of ^^9^^^ 
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Kftvfni Drawing t "Turtla* 



TO OP 
IRT'^S 

2 ra^ loo 

4rDI00 

SPDI40 
END 



Figure 4.1 

Ktvin was also lil<e Donaid in that he usually engaged in goal diraeted worl(| 
including one long term project, and In that he made use of par tieular alructUret to 
help him resolve issues that arose in earryirtg out his projaetfc Unlik^^ 
did not partieipate In creiBting those strueturei for himNlf, r^r did h^ Engage In 
ariy significant advanced planning. In his major project^ drawii^ a lat^^ 
Kevin learned to use subproeedures to break hit ^robliBni ihto m^ 
"chunks" or when he needed to repeat the same prwedure more than once as part 
ef his project. The names Kevin chose for his procedures and tubp^^^ 
semetimes had a randbm quality, such as the name 6F fdr a^ecWw^ dr«B^ 
fl triangle, or the name LIFS for a procedure that drew a set ef rMstid a^ 

Kevin's project to draw a large "lurtle* provides examples ©f the Way In vi^hleh 
utilized various structures to help with his work. Havlr^i drawn a circle of radius 
90/ to form the "sheir of his "turtle'^ Kevin made use of an air p^^ 
turrtt through a yarlable arigle, as a ol movirtg aroiJrid thi ^twtltfst shall. He 
had noticed that the small dots which appeared When tha clrele aM arc prdce^i^^^ 
were used occured at intervals of 10 degree^ Using tNs di^dvery he create a 
system of intrinsic coordinates for the purpdse of mdylng areund hit ■lurH 
shell. He would count the dots, and use an angle Input of 40 to move a distarice of 
4 dots along the shell, etie, 

Another structure which Kevin used to draw his "turtle", was the creation of the 
modglar subprocedures^ Kevin Would move the LbOd tLIRTLE 

around the ^turtleV shell using an are command until he rewhisd lhe^^^^^^^^^^^^ 
he needed :te locate a "fool'' of the "tu 

BKFbdT, were equivalent to a state transparent procedw a fiool of 

the ^turtle" and returned Ihe^^T^^ the shell, reacfy to move; arbund Id th* 
next point at which a foot would be 1^^^^ 
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Kevim Using Variablas * 




Flgurt 4.2 

The last set of prsjects that Kevin worked on providet a ntee examplfl of the wt^ 
in which Kevin came to understand the use of variables and stop rules, Aft«r 
having explored the effects of different inputs to a TOLY procedure (see Chap|«r 
5, ^eetion 1 for a discussion of POLY), Kevin built a design by keeping the an^ 
constant whil@ varying the size of the PCH.Y. The taacher helpeci Nm talk throyih 
tN« proce^es 



TO TUNNEL iSIZE 
10 POLY iSIZE 45 
20 IF sSIZE- 105 STOP 
30 TUNNEll. :SIZE+5 




Figure 43 



Next, he repeated the proceM with an angle of 90 dagreesi 



10 POLY :SIZE 90 
20 IF iSIZE^ 150 STOP 
30 LIFS iSIZE + 2 
END 




LIFS 10 



Figure 44 



Kevin then asked if "the amc^ time" ceuld be ehanged, end 

if the largest size cbuld be chsnged. He picked ♦he yariable names "SIT end 
aAROr for these quantities and iMth soiM 
the precedurei 



TO UFC :SIZE :SET :LARGE 

10 POLY -.SIZE 90 

20 IF -.SIZE =^ jLARGE STOP ' 

iO UFC sSIZE + sSET iSET UARGE 

END 




UFC i 5 100 UFt 108 100 ira 



Figure 4.5 

In the eourse of exploring the use of diffirent Inputs to this pregedure, Kevin was 
delighted to diseover that keeping all the Inputs the same had the effect of 
producing a variable tiied square. He understood that the reason the procedure 
drew only one square was that the sStrting and ending sizes were Identical. 

Kevin's major difficulty In using the computer was an initial reluetance to plan 
ahead- or to structure Ns work more than one step at a time. When new Ideeo 
were presented to him In a way that enabled him to simplify his work, he was eble 
to absorb them relatively painlessly and incorporate them into his INnklng. 
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5. Learning Styles of the Other Students. 

We have given a descrlptlori of the differences in learning Style among four 
different students carrying out very similar tasks in order to provide a sense of 
the differences that existed among all 16 of the students. To offer a betler some 
sense of the scope of these variations among the group, we will attempt a 
differentiation of the rest of our 16 students based on how their appfoaches 
compared with those of our models. Since this greatly oversimplifies the different 
ways In which these students worked, the reader Is urged to read the full profiles 
In Part III of this report, and the descriptions of the work of exceptlonar children 
presented In the next chapter, to get a better sense of the flavor ©f each 
student's particular LOGO experience. 

Mdnica and Darlene showed a lot of simiiarity to Kathy's style of work. Both made 
a lot of use of repetition to create designs, and preferred small, easily completed 
explorations to long term projects. Neither had Kathy's Interest In relating the 
procedure names that they used to the ways In which their procedures were 
constructed. Darlene was unusually curious about the possibilities inherent in the 
LOGO language, and in the computer system we were using, and explored a lot of 
different kinds of projects, without settling on any major area of Interest, 

Although Jimmy was s quicker and more articulate learner than Deboral^ his work 
was similar to hers In many respects. He worked In a linear step-by-step fashion, 
limiting himself to a few key Ideas In carrying out LOGO tasks. He had a great deal 
of resistance to suggestions for new ways of doing things, and had difficulty making 
effective use of subprocedures. Jimmy was also like Debor&h In his excellent 
intuitive manipulation of the TURTLE. Jimmy's work had a muc^ finer level of 
detail than Deborah's, and like Kathyi he was able to make excellent use of 
symmetry and similarity in planning his steps. 

Dennis and Harriet showed a certain amount of similarity to Donald, In the way that 
they made use of top-down approaches and In the structures they needed to carry 
out their work. Dennis also had difflcultiis solving problems by visual exploration, 
similar to those encountered by Donald. Harriet had no difficulty with visual 
explorations but preferred to work on challenging tasks in which the visual effects 
were less Important than other aspects of programming. In particular, Harriet 
carried out two elaborate interactive projects— designing a tictactoe game, ar^ 
writing a "madlib" program. Although Harriet needed help with the syntax and 
programming knowledge to carry out these tasks, she was able to understand how 
to create complicated structures for her projects, once she was given a modd of 
how they functioned. 

^0 
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taura probably belongs in a et^^ her own. Her projects tended to Invelve 
large scale desighsi wh 

lde;as were sophisticated and unutu the patlehee and insight 

necessary to develop the strueturss she needed to carry them out. Since Laura 
did not like to asic for help, or to appear to be having difficulties, she eMparleneed 
some frustration from time to time. 

Karl, Albert and Betsy all had a degree of similarity to Kevin, in that they utilized a 
mtxture of top-down and bottom^ up approaches, and tiiat they vpre able to make 
us© of the particular structures niided to uany i ttsk wtthfltit necessarily 
understanding those structures in a more general way. Karl and Albert tended to 
prefer shorter projects, while Betsy usually worked on more complex projectp<, 
making use of a number of subprocedures. 

Gary, Tina, and Ray worked In more unique ways that cannot easily be eon^ired to 
those of our four "model students,'' Their work will be examinedl, along with K«i*s, 
In Chapter 3 dealing with exceptional children. 
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One of the moit striking results of the Brookline LOGO experiment hat been 
sucaess experienaed by exceptional studints. We ineludi within the oatiifory 
"eKceptlonali" two groups of students whose edueation often prob^^ems 
within conventional eiemantary sghool proirams Intalleatuaily pfted atudants, 
and students with signifiaant learning disabilities. While the edyaational 
difficulties encountared by thise groups of students differ markediyi both groups 
experience difficulties related to thair Inciuslon In educational programi designed 
primarily for average students. 

Faced with a choice between malnstreaming these studentiy and isolating them in 
special programsi schools have usually dacidid that the disadvantages of isolation 
outweigh the possible advpntages of specialised programs. Even when 
educational programs are partially IndivMuallied teachers continually confront the 
task of providing challenges arKl enrichment for gifted students and tutorial and 
remedial help for the learning diiabled, while Including tham In an overall academic 
program designed for students of an average range of abilities. The sucoessfut 
LOGO eKperienees of exceptional studanti, working side by side with students of 
average ability, indicates that a LOGO I aarnlng environment may prove useful te 
schools in meeting the problams posed in educating thisa students. 

It should not be surprising that Intetleetually gifted students were successful in 
LOGO classes many computer education programs have been targeted for 
bri(|ht styd#nts who have generally been successful in learning to program 
computers. What Is surprising Is that the students with the lowest level of 
previous academic success should also be successful in an educational context 
involving a full range of students working together. In this chapter we will 
describe the work of three exceptional studantSi Gary, Karl and Tina. Gary was 
one of three students, in our experimental sample of sixteen students who are 
considered "gifted" by thsir teachers, Karl and Tina are two of the three 
students in our experimental sample who have been diagnosed as having "learning 
disabilities," and who receive a minimum of one hour of specialized one^-to^one 
tutoring each day, 

I. The Work of Garvs An "Intellectually Gifted" Student 

Of ^11 our experimental subjectsi Gary seamed the most predisposed to syceess In 
LOLiO, Gomblnlng a strong prior Intarest In computers with a learning style that 
encompassed both analytical and trial -and^error approachaSy Gary was able to 
successfully carry out projects In a number of differant areas. 
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Exceptional CNIdren 3,2 ^ GifyaeirrinE Style 




Gary had had some previaut exposure to eomputers^^ a personal 

computar fairi and h#d been pressuring Mi parenti to biy him a oomputer. He 
absorbed new Ideas voracleuily, and rarely had to be shown sometNng twloe. He 
taekled extremely ambitioui projeatst a^ ilways stayi^ with a project until some 
kind of eompletion was a^Neve^ 

l.i Gary^a Learning Style at Seen ThrouEh his LOOQ Work 

Gary^a work demonstrated seme elear aharaeteristios that set him apart from most 
of the other students: 



Gary easily understood the use of a procedure as an entF^y, reeogniiing the 
ysefulnass of naming a series of steps, and thereafter oonsiderihg thom as e 
^unlt*^ he often wrote procadires without tr^ng out tM steps individually firsts 
reeognlzing that the series of steps eoiJd be oonsidered to have a ""total effect," 
as Ihough It were a singfe command 

Gary had faith in his ability to solve problems by reasoruiv as well as trial-end- 

error. He wa^^ tWngs out In Ns headV?MkW^^^ 

of "abstract principles" to simplr^ debug his work as he went alongi A series 

of FORWARD and BACK commands wo^ 

left/right reversibility would be used 

eKample, Gary had typed RIGHT^^ 9 

used LEFT 9a He then used the con^^ 

In writing his procedure later, he simply used the correct command LEFT 99, 
without ever having tried it^cplicltly. 

Gary tended to "plunge Into a problem" Impetuouslyi with ^ery little advance 
planningi drawing on a quick analys^^ 
then iinjoyed th^^ 

• direction^ if his result was iigniflcantly different fro^ he had Ihterded. In 

the first classi Gary noticed that repeating a simple three step pr^edure made m 
"pattern" that looktod somethm^ 
rnaking a srnaller circle Ins^ 

using the same procer^ ^ W^th sv^^Her inpu^^^ out 
larger than the oririnfe y^p Gaiv was delighted by the surprise. He then tested 
anplher approach -- m^^ the orl^nfrfp wMch led to m 

^^^^^ his first one« And so on, Mtil he h^ tried 

^ vv G^ rather than make use of planning. 

While he generaily had an overall idea of what he was trying to do, he tend^ to 
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Gary; Drswmg a Facs 



Ineorporate iubproetdurai one after anothtrp rather than to brMK^^ 
problem into parti and plan his iubprocedurts in ddvanee, Ht show^ that he 
was eapable of using a more ftrueturid approich whan aiked by hii teMhiir to 
rewHte his STARSHIP pracedure. He reworked the problem and eraated a ml of 
simple modular subprocedures to draw hit starihip design. 

Gary often sought out bugi, testing for extreme situationii the largest possible 
Inputsi the largest number of REPEATip Situationi which would produoe error 
messagei, as a way of understanding both the oapabilitiei and limitalions of the 
computer, beyond the needs of any spioiflc projeet on which he wat working. 

Gary^s work was usuplly directed toward ambitious goals* He worked on four 
major projects, during his seven weeks of LOGO classti f While he enjoyed brief 
datoursi such as the '"circle" exploration describid abovep his work was usually 
directed quite specifically at his particular immediate goal. Between projects, He 
often appeared to be restlessi once a new task was selected^ he was off and 
running again. 

L2 Garv^s LOGO Projects 

Gary carried out four major projectsi the last of which was btlll In prdcest when 
the series of classes ended^ o rather elaborate ^face^ buiU from o large number 
of subprocedurasj an interactive "math quii" which gave a user a serif s of two- 
digit addition problemsi a computer animated ^starship" desigr^ and a *'morie 
code translator^' which was intended to transtate a printed sentence into a line of 
morse codep and vice^versa ^ 

His FACE project involved learning to use a large number of sub^proceduresi and 
a great deal of Turtle Geometry especially arc and circle procedures, Gary 
used functional procedure namesi abbreviated procedure nmmpf and "nonsense" 
namesi all In a rather elbaorate scheme to "hide" the sub-proaedurei which 
actually "did the job". (See Figure LI) Of cgurse, this compIeK set of 
subprocadurei was extremely difficult for Gary himself to debug, ar^ he often 
had to trace through the entir© "tree stricture'* of his project to find a bug in a 
particular prMedure. 
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Gay; Drawing a Face 



TO FACE 
10 
END 



TO NOSE 
1 F007 
END 
END 



TOENM 
10 EN 
20 M 
END 

TO EYES 
1 FOOS 
END 



TO EN 

1 EYES 

2 NOSE 
END 

TO MOUTH 
10 FOOS 
END 



TOM 
1 MOUTH 
END 



5n go 



TO FOOS 

1 F005 

2 PENUP 

3 LEFT 90 

4 FORWARD 

5 PENDOWN 

6 RiGHT 90 

7 RCIRCLE 4B 

8 PENUP 

9 RIGHT 90 

10 FORWARD 160 

1 1 LEFT 90 
12PEND0WN 
13 LCIRCLE 45 
14HIDETURTLE 

'END 




Figure 1.1 
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TO FOOB 




1 LCIRCLE 90 


1 PENDOWN 


2 RCiRCLE 90 


2 ^ 


END 






4 RIGHT 99 


TO F008 


5 FORWARD 30 


1 PENUP 


6 RIGHT 90 


10 PEIMUP 


7 RARC 10 


20 FORWARD 70 


g RAHr 10 


30 PENDOWN 


9 HIDETURTLE 


40 RIGHT 90 




50 PENUP 




55 RIGHT yO 


TOS 


60 FORWARD 166 


6 


70 RIGHT 90 


10 PENUP 


80 FORWARD 70 


20 SHOWTORTLE 


90 LEFT SO 


30 LEFT 90 


100 PENDOWN 


40 FORWARD 80 


UOLARC 80 


50 LEFT 30 


120 HIDETURTLE 


60 LEFT 9 


END 


70 PENDOWN 




END 



Gary-s second project, a math qulzp involved the use of conditionals^ PRINT 
statementsi the naming of varidblesi and random numbers. Although hm plinned to 
sKterKJ the project to Include subtractlonp multiplication arid division, he decided 
to go on to other activities after completing the addition portion of the quiz.* 

Gary's Starship project involved Turtle Geometry once again, (Smm Figure L2) In 
order to avoid the type of debugging problems he encountered In hts FACE 
projecti Gary decided to carry out his starship project by writing one long 
procedure. This led to a large number of unanticipated bugs as well. Although 
Gary successfully debugged his lengthy proctdiFe, his teacher suggested that ha 
redo his starship project, making use of simple procedures and subprocedures. 
This time, having experienced both eKtremes — an unnecessarily compleN 
hierarchy of subproctdures, and an unnecessarily long single procedurei Gary 
developed a set of modulary easily readable and easily debuggind subprocedures 
to carry out his STARSHIP design. 



^During the following year, Gary went back to thii project and completed Up 
making use of a LOGO computer provided by his school systent 
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Old Starship Procedure 

TO STARSHIP 
10 RIGHT 90 
20 FORWARD 100 
30 LEFT 90 
^0 FORWARD BO 
50 RIGHT 180 
60 FORWARD 100 

70 PINUP 

71 LEFT ISO 

72 FORWARD 50 

73 LEFT 90 

74 FORWARD 100 

75 RIGHT 90 
90 LEFT 90 
95 PENDOWN 

100 FORWARD 100 
105 RIGHT 90. 
lib FORWARD 50 
120 LIFT 180 
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STARSHIP 



Figure 1.2 



New Star«Np ProcedLO'es 

TO STARSHIP TO 8TA 

10 STA i mfi<P 

20 WINGR 10 C 

30 WINGL 20 LI 100 

END « END 



TO WINGR 
10 MO 

20 RIGHT 90 
30 LI BO 
40 MOVE 
Em 



(corttmusd, next pag@) 
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Garyi Drawlne § : ' ; -'^fi^ 



(Old Starship, cont.) 



(New Starship, cont.) 



130 FORWARD 100 

140 PENUP 

141 RIGHT 180 

142 FORWARD 50 

143 RIGHT 90 

144 FORWARD 100 
143 LEFT 90 

155 PENDOWN 
160 RIGHT 90 
170 FORWARD 30 
180 LEFT 90 
190 FORWARD 30 
200 LEFT 90 
210 FORWARD 60 
220 LEFT 90 
230 FORWARD 60 
240 LEFT 90 
250 FORWARD 60 
2fi0 U£FT 90 
270 FORWARD 30 
280 PENUP 

290 LEFT 90 

291 FORWARD 30 

292 RIGHT 90 
300 HIDETURTLE 
310 PENDOWN 
320 RCIRCLE 10 
330 LCIRCLE 10 

340 PENUP FORWARD 30 

345 PENDOWN 

350 RARC 10 

360 RARC 10 

370 PENUP RARC 10 

380 RARC 10 

390 LARC 10 

400 LARC 10 

410 HIDETURTLE 

END 



TO WINGL 
10 MOV 

2b LEFT 90 
30 LI 50 
35 RIGHT 90 
40 HIDETURTLE 
END 



TO MO 

10 RIGHT 90 

20 FORWARD 100 

30 LEFT 90 

END 



TOC 
10 SQ.1 

20 PENDOWN RCIRCLE 10 

30 LCIRCLE 10 

40 PENUP FORWARD 30 

43 PENDOWN 

50 REPEAT [RARC 10] 2 

60 PENUP REPEAT [RARC 10] 2 

70 PENDOWN REPEAT [LARC 10] 2 

80 PENUP REPEAT [LARC 10] 2 

90 BACK 30 



END 



TO SQ.1 
5 PENUP 
10 RIGHT 90 
20 FORWARD 30 
30 RIGHT 90 
35 PENDOWN 
40 FORWARD 30 
BO RIGHT 90 
60 FORWARD 60 
70 RIGHT 90 
80 FORWARD 60 
90 RIGHT 90 
100 FORWARD 60 
110 RIGHT 90 
120 FORWARD 30 
130 RIGHT 90 
135 PENUP 
140 FORWARD 30 
ISO FORWARD 30 
END 



TO MOV 

10 LEFT 90 

20 FORWARD 100 

30 RIGHT 90 

END 



TO LI jLE 

B PENDW/N 

10 RIGHT 90 

20 FORWARD A£ 

30 LEFT 180 

40 FORWARD 2 • iLE 

50 RIGHT ISO 

60 FORWARD 

70. LEFT 90 

END 



ERIC 



Exceptional Children 3.8 



Karl; Working Style 



For hit last project, Gary decided to create a Morse Code Translator as the first 
step of a project to actually transmit morse code over radio waves, which he had 
read about in a compi.iter hobbyist magazine. In creatlnf the Merss Code 
translator he had to make use of LOGO'S list and word processing capablHtJe^ of 
recursive procedures wNch used the concept of the empty word" and the "empty 
list" In STOP rules, and of corKjitionals wWch were used to decide wWch partici^ar 
set of Morse Code symbols to output (TNs set of proce^es is cRseussed more 
fully in Chapter 4, Section 7.3.3) 

1.3 Conclusions 

Gary absorbed a great deal in approximately 25 hours of LOGO classes. His 
projects Involved a number of different content areass Turtle Geometry, 
Interactive programming, animation, list proeessmg, etc. His enthusiasm remained 
at a fever pitch throughout the series of classes. When the cycle of LOGO 
classes was finished, Gary helped establish an after school "coffiputer club," so 
that he could carry on Ns work. 

The computer activities provided the kind of challenge and scope ol intellectual 
activities that Gary wanted and needed to develop his abilities most fully. The 
fact that this challenge and scope was not alwayt! present his regular classes was 
attested to frequently by his classropm teachers. A LOGO capability In a 
classroom could help teachers meet the needs of students like Gary. 

2. The Work of Karli A Severely Learning-Disabled Student 

Karl is a student who has been dlagn^^ed by the school staff as having severe 
learning disabilities. Related to his difficulties In reading, writing and arithmetic, 
are readily obaervable hearing, speech and motor ability problems which Interfere 
with communication, Karl who Is large for his age and somewhat awkward In 
manner, has f?w friends among his classmates other than two or three selected 
"cronies." 

In his LOGO work Karl demonstrated the ability to plan and carry out complex 
projects invnlvmi several subprocedures, to Lmderstand geometric concepts, to 
carry out mathematical calculations In his head, and to uor\ in both a well 
organized step-by-step fashion and in an epen-ended exploretory mode. While 
Karl often needed help with rcutlrie tasks such as remembering the speiring of 
LOGO commands, he was able to make use of reasoning abilities that allowed Mm 
to surpass in the LOGO classes what he was normally able to accomplish in either 
his regular classes or his special tutoring sessions, 
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Karli WorkinR Style 



ai fearPs Working Style m the LOGO Claiies 

Karl enjoysd the sense of eantroi and aecGmpllihment that ht eKperianead in the 
LOGO classes. Ha had to ovareome savare typing ard spelling problemsi and to 
find ways of organiiing his work, In order to aehlava this success. While ipelling 
and typing difficulties made his work much slower and more pilnfiri than that of 
his peersi they did not seem to dampen Ns enthutiasm or Impede his learning 
process, ^ 

Karl'S work alternatsd between carefully plannad geometric designs ami a more 
random^ eKploratory use of commands that he did not fully uf^erstand. As he 
began to discover consistencies in the effects pr^wad by different commands, 
he gradually came to exerelsa more purposeful control over the outcomes of ell 
his work 

Karl created a number of planned geometric designs making use of diraet 
commandls and previously defined procidures. Once a procedure was comp!sted| 
however, he enjoyr^i epmbining procedures and SPIN commands randomly to set 
the effect* He would then sit for long periods of time watching the different 
combinations. As the classes want or^ he came to have more and more Interest in 
controlling the designs, planning his combinations more carefidly, and even editing 
his '"conglomerate'* procedures so that random effects were systamatically 
eliminated 

Karl developed an experimental approach to using the computer system end the 
LOGO language he would "ask questions of the computer'* by trying things and 
seeing what happanad. He used a method of succassive approximations lo find 
the largest possible input to a SPIN command^, and to determine the limiti of the 
TURTLE screen. He found the shortest procedure name (one letter) and the 
'^longest'* (QWERTYUIOPASfiFGHJKLZKCVBNM), He experimented with the adding 
and subtracting of axtrismely ^ong numbers, to tost the computer's limits in doing 
arithmetic. Karl also made a point of learning to use all the peripheral devices 
that were part of the computer systemi the Floor TURTLE, plotter and printer. 
Although seemingly rai^om, it is clear that these exploratlans were an important 
part of his effort to establish control over the environment in which he was 
working, 

Karl made a major effort to exercise control over his typing dIfflciJties as welL 
His typing was characterized by a painfully slow and poorly coordinated approach 
to using the keyboard. When he wanted to find a particular Setter on the 
keyboard, he would scan with his eyes, moving his index finger back end forth, as 
his eyes shifted. Often his finger would pass the correct key several times 

on 
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befere hitting It If a wrong key wis hit, an errof message would result, and the 
whole process would befin again. Allheugh he |radually Inp-oved Ws lypinf, h« 
continued to have difficulty finding famiUM- keys, 

Karl used the same rtndom scanninf strategy for finding' numbers. Although he 
knew that the numbers were on the top line of the keyboarc^ he was unable to 
make us« of their Inherent order to make them easier t© find. This was 
particularly striking when he was numbering steps In a procwdyre. Going In a 
sequence 1, 2, 3, 4, ... he conducted an Individual "search" for mmh nun^er, using 
his scanning and finger moving technique. 

Karl also had difficulty reading error messages m4 spelling LOGO commands. 
Although he was graduslly able to include the new terminology in his sight 
vocabulary, he was unable to sound out words, even though he had seen them 
before. He either "knew" a word, or could not read it. Before long, he had 
become familiar vlth the most commen commands and errar message^ and knew 
how to respond to them. He continued to have a probltm whenever an unfamilisr 
error message appeared, 

Karl developed his own strata^ r* 'for overcoming these problems. He learned to 
write short procedure names and abbreviations for commonly ustd LOGO 
ccTimahds, He kept a notebook of all the commai^s and procedures thut he had 
learned or created, so that he could easzlly find the correct spelling If he eouldnU 
remember \t. At one point he named a procedure) 
QWERTYUIOPASDFGHJKL^KCVBNM, utlliiing evei^ letter of the alphabet, in their 
sequence on the keyboard. Since he could move Ns fingar in order across all the 
letters, this procedure name r^ira^W scanning and was easier for Karl to type 
than even a three letter procedure name such as TAM, which required scanning. 

One of the Karl's major activities was an animated "car" project In which the 
TURTLE moved continuously, while It's motion could be altered interactively as 
the user typed certain keys on the keyboard. The letters he used to control the 
moison of the turtle— Q W E R A S and F — are all located In a roup on the 
left hand end of the keyboard, Originally he had planned to make a cardboard 
cover for the keyboard, with a hole cut in it so that only those letters could be 
seen. He found this to be unnecessary, however. ^ cencentrating his attention 
on one small corner of the keyboard, he able to select the correct keys 
easily, without any of the scanning or memory problems that o^urred when h© 
had the entire keyboard as his field. 
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2.2 Some Examples of KarPs Work 

Karl*i earliest LOGO procedures were simple geometric desighs. His first projActp 
TAM, was a rectangle, and the second, CULL, resulted from repeating TAM four 
times. His third project, ACE, made use of symmetry, and the propertiet of 
circles in a carefully pisnned format. 



TO TAM TO CULL TO ACE 

1 FORWARD 190 1 TAM 1 RCIRCLE iO 

2 LEFT 90 2 TAM 2 LCIRCLE 50 

3 FORWARD 100 3 TAM 3 FORWARD 100 

4 LEFT 90 4 TAM 4 RCIRCLE 50 

5 FORWARD 190 END 5 LCIRCLE 50 

6 LEFT 90 6 BACK 100 

7 FORWARD 100 . 7 BACK 100 
END § RCIRCLE 50 

9 LCIRCLE 50 



END 





Figure 2.1 
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Karii Early PreJects 



Having completed IhesB designs, Kari's work entered a phase In wNch he created 
wildly spinniiii designs by random accumulation of pre'/fously defined proeedu'es. 
ACE2, ME, ard ACE3 are examples of this type of procedure wNch culnrinat^ In 
the procedure BU: 



TO ACE2 


TOME 


TO ACE3 


1 SPIN 1020 


1 TAM 


1 SPIN 1020 


2 ACE 


2 CULL 


2 TAM 


END 


3 ACE 


3 ACE 


t 


4ACE2 


4ACE2 


TOBU 


END 


S'ME 


1 SPIN 200 




S HIDETURTLE 


2 CULL 




El^ 



3 ACE • 

4 ACE2 

5 ME 

6 NO 
7N0 

S XX78055 

9 PLUS 

10 TAM 
END 

. I 

At this point, Karl began to assert mors control over the effects of his work. He 
spent an entire class period editing BU, producing an elegant spinnini deslp by 
going through the procedure step by step, systematically ellrrinating all randoni 
effects. 

TOBU 

1 SPIN 200 

2 CULL 

3 ACE 

4 HOME 
9 PLUS 
END 

2.3 KarPs Animation Project 

Karl's major accomplishment was a set of procedures which animated the turtle in 
such a w^ that he could "drive it around" on the display screen. He was ^ven 
the initial concepts for the procedures and filled In the specific instructicint 
himself. The procedure ideas he was given were, 
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Karl; Animating the TURTLE 



TO CAR TO CH 

5 PENUP 10 MAKE "LETTER KEY 

10 MAKE "D 10 20 IF :LETTER ^ "R RT 30 

20 CH 30 IF iLETTER ^ "L LT 30 

30 FORWARD :D END 

40 GO 20 

END 



(The command KEY was given as a ■primitive" which "tells the computer wNch 
letter you type on the keyboard") 

Ufing this basic idea. Karl was able to define his own systam of commerids to 
control the TURTLE'S motion: 



TO CAR TO CH 

1 WRAP 10 MAK£ "LETTER KEY 

5 PENUP 20 IF :LETTER - "R RIGHT 30 

1 0 MAKE "D 1 0 30 IF :LETTER ^ "W LEFT 30 

20 CH 40 IF iLEHER « "F MAKE "D :0 + 5 

25 WAIT 5 SO IF iLETTER « "S MAKE "D iD - 5 

30 FORWARD iD 60 IF :LETTER ^ "A PENUP 

40 GO 20 70 IF :LETTER - "Q PENDOWN 

END 80 IF :LETTER ^ "E MAKE "D 0 



END 

The letters "R" <rlght turn), "F" (faster), "S" (slower), and "E" (emergencgf stop), 
all are abbreviations for their functions while the letters "W" "A" gnd "Q" were 
chosen for their position on the keyboard. 

Using these seven keys Karl could turn the TURTLE In any direction, make It 
speed up, slow down, or stop, and could decide whother the TURTLE should draw 
a line as it moved. Karl discovered that repeatedly pressing "S" would slow the 
TURTLE down, and eventually make It move backwards. By alternating between 
the "A" and "Q" keys he could make the TURTLE draw dotted lines. 3y slowing 
the TURTLE down and carefully controlling its dlrectior^ he found he could use. this 
device to create interesting free-form designs, or to write his name In script 
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2.4. Affective Aspects of Kerf's LOGO faperlenee 

At ttie beginning of the LOGO dasses, Karl tended to have a "deadpan" SKprasslon 
at all timet. This correspoMled to his ippearance when seen fw interview^ or 
on random occasions throughout the school. Even when he wat successful In using 
the computer for the first few sessions, his expression continued to be blank and 
non-committal, 

As he began to feel successful, Karl became more assertive and curious. He 
asked what error messages meant, and sought to understa,id how to use new 
commands. He made a point' of flwiing out.howJb use the Plotter and Printer, so 
that he could make his own "hard copy" of Ms computer work. At about the same 
time, he began to express an interest In the work of other children af^ to show 
them his work. He invited a frler^ to class and swapped programs with Hm, his 
behavior demonstrating that he was feeling good and enjoying himself, His face 
was becoming more expressive, his post^e more relaxed. 

Changes In Karrs atitude toward Ns classroom work were noted by his regular 
teacher. She reported that he was beginning to show that he really cared about 
his school work, that he had begun concentrating on his work In a way that she 
had not seen before, and that he seemed to have a great deiri more confidence In 
his ability to carry out academic tasks. She attributed these changes direcUy to 
his feeling of success In the LOGO classes. 

Karl's success in his LOGO classes damonstrated that with an appropriate 
educational environment, he was able to function at a higher level of ability than 
he had demonstrated in schoolwork; even with a great deal of one-to-one 
tutoring. 

By the time of his final Interview, after the end of the LOGO classes, Karl had 
become significantly more articulate. He llstad ten uses for a tin can (as oppcsed 
to four uses for a brick In the first Interview). Instead of carrying out the four 
color permutation task, he asked "Can I just show you how I do It?" and 
proceeded to describo a system for finding six permutations that started with 
each of four colors. With some difficulty, he correctly calculated that there were 
twenty four possibilities In all, and leaning over to speak directly into the 
interviewer's tape recorder, he saldi "Twenty-four. Tm a brainl" 
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345 Titm Attitude Toward CQmputar 



3. The Work of Tina: A Laarning-Ditabltd Student 

Tina is m student with severe learning disabilities, whose aeademic abilities are 
axtremaly low compared with her classmates. Like Karl whose work was 
described abovep she was siK:cessful In the LO^ cfaseoSp making use of abllitiet 
that she was not using topfull sdvantage in her regular classes or in her dally 
one-to-ona tutoring sessions. 

TinaV pattern of computer use was unique among our sixteen experlmantal 
subjects in that she was not Interested in Turtle Geometiy ar^ never learned to 
write her own LOGO procedures. On the other hami, Tina established an intense, 
personal relations!iip with the computer, and, using the computer as a text editor 
and word procfissor wrote a series of stories that represaiitad a major 
achievament in the area of creative writing. 

3*1 Tina'S Attitude Toward the Computer 

In the first class Tina established a special relationship with one o?' the four 
computers. She personalizad it by giving it a name. Peter, and behaved toward 
the computer In much the same way a child might behave toward a favorite dollp 
pet, or much younger child Tina was extremely possessive of the computar she 
called "Pater% and would not allow other st^enis to vise that particutar machina 
during her classes. 

In the early classes Tina made a number of efforts to communicate with the 
computer, typing questiqnf^such as *^h.^t's your name?* and responding angrily 
to error matsages with messagei of her own. 

Gradually, Tina^s relationship with the computer tempered somewhat She was 
shown how to make the computar communicate, and was helped t^ write the 
procedure, WHO: 

TO WHO 

1 PRINT [MY NAME IS PETER] 
END 

The teacher wontlnually stressed the fact that the computer was * "dumb 
machine", controlled by Tina and her frie'^^? ^s well as by the teacher and other 
programmers* Tina eventually developed a more balanced ur^lerstanding of her 
role in relation to the computer. Her behavior with the computar bacama much 
more matter-of-fact, and although she continued to share credit with "Peter" for 
her accomplishments, she no longer expresstd anger at error messagei. As she 



eama to understand the meehaniea! prsdietability of the eomputer's reiponiii to 
her, ond as she began to take more pridt in her own a<^oi^llihmentSs "P©t©r" 
came more and more to take on the status of a personal fantaiy — one whieh s 
child knows Is a fantasy, but pertlsts in "playing" sometimet beaauie it's fim. 

In her actual work with the computtr^ Tina had some idfosyncraiiei that 
differentlatad her from other studentt. Although she had a great deal of difficulty 
starting work at the beginning of a dais periodi Tina iniiited on Cv^letlng any 
task before the end of the period Her work often ended \Mth a ruihp or with 
requests to stay late to finish up. Once a class end^ the never returned to a 
task regardless of Its actual state of completion. 

Tina also had a need to have ill her work be "corrects When she made a typing 
error, or received an error message, Tina would clear the screen immedatety by 
typing a loni series of carriage returnt. Thii habit interfered with her leamingy 
as it prevented her from niiaintainin| continuity in her worl^ and elnrinated the 
potsik>ility of an appropriate response to an error me$$age. Even completed 
stories were often removed from the screen before they could be rea^ much 
less responded to. , , ; 

In addition to her compulsive avariion to errors, Tina had a strong desire for 
neatness. She regularly straightened up the LO^ clatsroom, reminding other 
children to put their things away, etc. She loved the prir^ed copies of her workg 
and always made multiple copies to give to her friends, family and teachers. ^ 

3.2 Tina-s tJse of the Comou^gr at an Editor 

Tina devoted most of her time and effort in the LOGO classes to writing, editing 
and printing copies of a series of "itorles" that she wrote. A special progranii 
LETTER, was created for her use, allowlnf her to type a story cHrMtiy into the 
computer without having to write a procedure or use PRINT commands. She used 
this procedure to write two "letters^ and seven "stories" during tf^ course of the 
LOC^ classes. At l^ist three additional stories were discarded without being 
finished 

Tina wrote about people who were part of her life. Her first two letters were to 
her aunt and her mothen Tommy, Ann, Sonny; ai^ Donell, subjects of her stories 
are all Tina's relatives. Harriet, Mr, Lewis and Miss Hirsh» are a classmate and 
two of her teacHert. Each story was written during one clasi perlodi and was 
never continued or ch&nged, once It had been finished. 

The letter, HELEN, is representative of Tina's first two attempts to use the 
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Tinai Writing Storiss 



computar for writlrtgi 

DEAR HELEN TOW ARE YOU IN YOUR NFW TOML I AM MING TO GET YOU SOMCTHII^ 

FOR YOUR NEW HOME .AS SOON AS I GET MY MONEY 
LOVE TINA 

In writing thii letter Tina regularly ask^ for spilling and purKtuatian help. She 
was eenctrned that it be grsmatieaSly correct, a^ in ^r^per fernt A great deal of 
time was spent making sure earh line wgi eorreoti bcinrf going on to the next 

Once the shifted from writing letlsrs to itorieSi Tina became leis concerned with 
spelling and grammar (although the contlnuid to ask for help in these areai), 
Insteadi she was mora concerned with the details of the story^ the names of the 
characters, the places thay iive^ the sequer^e of events, and the feedings of the 
chara<;ters involved. Tina had deep feelings about her subject matter Her stoiy» 
SONf^Y, is typica! of her style and intensity of feellnp 

SONNY IS A LITTLE BOY HI LIVES WITH HIS AUNT HELEN IN CALIFORNIA 
HE HAS BEEN LIVE WITH HER FOR 3 YEARS. HE IS (MING TO A HOME FOR 
LITTLE WONDERS 4 WIEKS AFTER THAT TO 

COUPLE A ADOPTED SONNY HE WAS THE HAPPIIST Wf THAT YOU EVERY 
SEEN. 1 GUESS IF Tf ^T WAS Ml I WOULD BE HAPPY IF SOME ONI WOULD 
ADOPT- BUT SEE I AM NOT ADOPT I HAVE MY ON MOTHER AND I AM 
GLAD THAT I HAVE MY ON MOTHERJECAUSE THE KIDS rmj HAVE FEELS 
REALLY BAD. THAT'S WHY ALL THE KIDS IN THE WORLD SHOaD BE 
GRATEFUL TO THEIR PARENTS. THE END. 

After Tina had completed SONNYi her fifth piece of writing, she was asked for 
^ome samples of writing done in class, "I don't have time to write stories in 
classi" was her reply. "I've got too much work to do " Tlna^s &g!ish teacher and 
her learning disabilities teacher confirmed the fact that she had done virtuafly no 
creative writing in school during the year. Her English teacher eKplaln^ that she 
rarely completed a^ work, and pointed out that her computer stories were 
among her first finished pieces of work. 

After completing each of her stories, Tina printed out between ten and twelve 
copies to be distributed to her friends, family and teachers. The widespreid 
distributiori of her stories was an indication of the pride and satisfaction she felt 
In her work 

We have ?itempt to determine the retsons for Tina's sL^cess at writing with a 
computer when many other approaches had resulted In failure. While our findngt 
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ire somewhat speculative, we feel that we can offer the following Inslghtsi 

--Tina Is fanatic about work being "complete" and free 0 Using 
the computer, she could rubout her errors as they occurred, and correct 
them without destroying all her previous work. Once she declared a 
story "finished" she never proofread it or looked back to see If she 
could find any other errors. 

-*^Tho ttachar in the LOGO classes offered no eorrtetlon or cHtiaism of 
her workp limiting his rola te aniwering h§r qusstlont about spelling, 
punetuatlon and iraiiiniar. 

— *The printed eomputtr output had a /"professlonar quality that Tina 
liked She could glvs away as many eople^^ as sha wantad— thus 
obtaining positive feedback about hor writing from many different 
people. 

*-Tina felt that her work was unlquti special, and oompettnt Since , 
only Tina was writing stories using the LETTER proram, she did not have 
to compare her work with that of any other studen^^ 

The eombination of these and other factors produced a p Tina 
that was apparent to eyaryone who dealt with her ou^lde of the LOGO da$ses« 
Having taken pride in hir computer stories, Tina became more conscientious about 
her other school work, beginning to complete aisighments coniistehtly first 
time all year. Having been accepted by the other sti^ents In her LOGO clasp, her 
"social position" within her c|ass as a whole Improved Thus, although Tlna-s LOGO 
^perienca wa^ perhaps the least conventional of all the studenttp it seems to 
have been possjbly the frost profound. 
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4 Computer ProBramming: What the Students Ltamad 

The procesB of learning to write procedures, particularly morB complicated 
ones which involve subprocedure$ in an organized hierarchical form, is quite 
compl&K In developing a systematic way of describing student behaviors §nd 
student learnings in this area, we have separated our observed behaviors 
into seven interrelated categories for analysis. 

L Acquiring the sense of command 

2. Developing the notion of a procedure as an entity 

3* Separating the process from the product of a proctdurt (how a 
procedure works versus what the end result looks likt), 

4 Acquiring flexibility in establishing hierarchlei of prooedurat, 



-'"playing TURTLE" or "playing computer" 

-^-becomlng aware of stage change equivalence and slate 
transparency 

--functional naming of procedurii and subprocidures 
-^-modularity 

"Creating functional procedures 

5, Fitting a procedure Into a hierarchy^ "top-down" versui "bottom-up*' 

6, Developing patterned procedures using REPEATp recursion and looping 

7, Using variables in procedures 



including: 
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4.2 Acquiring the SensB of Command 



1. Acquiring the Sense of Command 

Although the idea of "command' may seem quite obvieus to art adult 
computer scientist, a beginning student may require some time to 
develop a purposeful sense of deliberately controlling the TURTLE by 
particular commands. As one might expect, most students develop a 
sense of command after some depee of Initial contact with a computer. 
Sometimes a student who has developed a sense of command with 
regard to basic TURTLE instructions, may revert to seemingly 
purposeless behavior when In Initial contact with a new command or 
idea. ' , 

Behaviors Observedi 

l.i Student sees no eonnBCtion between^rnmands typBd at the co^mput 
terminal, and the actions of the TURTLE. 

Example! The student looks only at the text display screen. Following a 
teacher*s Instruction, s/he may type InstructlonB such as FORWARD 100 or RIGHT 
45, without looking at the graphics display screen to see what the TURTLE does. 
Such a student Is likely to be more interested In messages typed by the com^outar 
such as "YOU HAVEN'T TOLD ME HOW TO FDir, than in the motion of the 
TURTLE. 

1-2 A student types random Instructions on the Keyboard, and then lookw to 
see what the TURTLE has done. 



Example: Having as yet no basis for predicting the types of inputs that might be 
useful for controlllni the TURTLE, a student may type commands such as 
FORWARD 555 or RIGHT 1^3, choosing numbers on the basis of previously 
familiar number patterns, or because they are easy to type. The student then 
looks at the screen to see what has happened, but is. often confused by seemingly 
random effects or "OUT OF BdUNDS^ rnessages. 

1.3 A student who seems to have mastered the sense of command wlthj^egard to 
TURTLE commands such as FORWARD and BACK. RIGHT and LEFT, etc. rev erts to 
the use of random inputs when given the opportunity to make use of a procedure 
such as POLY or POLYSPI (see Chapter 5. Ssctlon 1). 

Example. Having not understood the connection of the POLY procedure with 

FORWARD and RIGHT commands with which s/he Is already famiiia 

chooses inputs to POLY such as 123 456 or 555 SSS, based on their familiarity as 
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number pattarns or bacause they are easy to type. Working in this wayj the 
student may see no consistency between the inputs to POLY and the resuHs 
obtained, and may temporarily lose a sense of controlling the behavior of the 
TURTLE. 

2, Developing the Notion of a Procedure as an Entity 

Merely acquiring the idea of a procedure in a form sufficiently Hah and 
flexible to allow efficient planning, writing and debugging of program$ b$ 
complex a$ those produced by our subjects Is a significant 
accomplishment. Learning the proper LOGO syntax is probably the least 
problematic step. A more interesting issue is coming to thinf< of a 
sequence of commands as "a thing" having well-defined Ini&rnal 
constraints and external properties. 

Internally^ the strict $equential nature of a procedure i$ a new 
experience for most students, Externally one may sometimes consider a 
procedure to be a comtnandp to invoke a particular Image on a graphics 
screen, for example. Side^ffScts, such as a net move or turn that 
results from running a procedure, will be discussed In the sectjons that 
follow. 

Behaviors Obsarveds 

2.1. The student uses a procedurt name to run a procedura which s/ha did 
not define. 

Example: A POLY or CIRCLE procedurei is given to a student by a teacher or 
another student. The student may realize that this procedure is derived from 
direct LOGO commands, but s/he uses the procedure as though It were a direct 
command, without particular concern for how the procedure Itself works; product 
logic dominates the student's process. 

2.2. The student Is observed to repeat a sequence of cortiputer commands, 
achlevrng the repetition of a particular effect, wrthout gtvini evidence of 
t hmkinB of the sequence of commands as an entity. 
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Example: 



2; 24 A student may draw « squart, uiing diract Mmmandsi PORWARO 100, 
RIGHT 90p ate,, until the squar© is gprnplflt©, S/he rapeaU^ th© sequence ©f 
commands to draw one or more additional squares, with IncNaitng ©ai© and 
swiftnassp but without dtfininf a procedu^^ 

2*3, The student creates a stquence of steps, and awregses the desire to 
repeat or preserve those steps for further ^u^ 

E>camples: 

2*3.1 A student may draw a square u$lng dppect coipmtndi^^ Then i/he may sa^ **l 
want the computer to dp that again " Or "VVill the computer remember how to do 
that?" This indicates that the student is consciously nwarf that a particular 
sequence of commands can produce a repllcable effect 

2.3.2, The student gives a name to a particular tequfnce of sttpi and using 
proper LOGO syntaK (including TOp line numberi §n^ a UpGQ 

procedure by copying a particular list of direct cqmmani^ln p^ 
previous effect. 

Having caused the computer to draw a square using direct commands, FORWARD 
100, RIGHT 90, FORWARD 100, RIGHT 90, FORWARD 100, RIGHT 90, FORWARD 
100, the student writes a LOGO procedurei 

TO SQUARE 

1 FORWARD 100 

2 RIGHT 90 

3 FORWARD 100 

4 RIGHT 90 

5 FORWARD 100 

6 RIGHT 90 

7 FORWARD 100 
END 



2.3.3. The studant choosei a name for a procedure, and then uies corraot LOGO 
syntaK to write a procedure using a random list of instructions. A procedure is 
written, and tried out afterwards, One can see this as exercising the abstNction 
"writing a procedure" 
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TO JOHNNY 

1 FORWARD 45 

2 LEFT 63 

3 FORWARD 22 

4 RIGHT 77 

5 BACK 99 
END 



3. Saparatine the Precesi from the Pfgduct of a Procadura 

Distinguishing between the internal constraints and the Bxternal 
properties of a procedure involves distinguishing the "procmss logiq" of 
how a procedure works from the "product logic" of the result of running 
the procedure. We have observed that most students initiBlly treat a 
procedure as the picture product It produces. Often the side effects of 
drawing a particular picture a net move or rotation of the TURTLE 
forces a student to relax the boundary between the internal and 
external aspects of a procedure, in order to appreciate how a particulaf 
procedure affects what happens next This boundary can become 
particularly problematic when the student needs to create onei for 
example, in creating process elements (FORWARD 100 RIGHT 90, as 
"one side" of a square), or In creating subprocedures. This will also be 
discusssed in section 4J, below. 

Behaviors Obseryad: 

3,1 A Student is Surprised by the Effect of Runnjf^g a Procedura More than 
Once 

A common Qccuranea is that a studtnt creates a SQUARE procedurei such as that 
shown in Figure 2.1. Running SQUARE twice produces the surprising effect ^hown 
in figure S.la. Continuing to run SQUARE results in the shape shown in figure 
3.1b, after the fourth SQUARE. 
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Figure 2.2 
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Figure aia . Fjgur© 3.1b 

3.2 Failing to ac caunt for the procest of a protieclure 

EXAMPLES; 

3.1.1 Darltne used b series ot commands, FORWARD 40, RIGHT 4Q, FQRVyARQ 40, 
RIGHT 40, ... to mal<e a nine-sided polygoa She earifuily epuf-tici and foun^ thai 
there were nine FORWARD 40 steps and eight RIGHT 40 stejS/. She tried to 
repeat the drawing as followsi 

REPEAT [FORWARD 40] 9' 



REPEAT [RIGHT 40] 8 . 
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Darlane was not fully aware of the process of her desifa From the product point 
of yiawp she had probably isolated the FORWARD 40 stept at the only ©net 
which had viiible results an^ ir ^ated the RIGHT 40i as "additional ingredlants In 
the recipe." In rtallty it was the repeat of the process elementp FORWARD 40 
RIGHT 40, which vyas needed to produce her desired result 

3.2.2 The following sequence of steps may be suggested to draw a "balloon on a 
string" or a "lollypop" 

FD 100 

RCIRCLE 20 

Those stepSp however, produce the following figure, 



D 



FlgurB 3.3 

Betsy who had a pattern of "product orlsnted" behaviors, saw this bug fis a 
misplacement of the circle and corrected It by "movini the circle" up and to Vtm 
left, I.e. moving the TURTLE up and to the left before starting the circle. 



A 



Figure 3,4a 



Figure 3,4b 



On the other hand, a student who is aware of the process that the TURTLE 
follows to draw the circle (even If students never look at the steps of the circia 
procedure, they see it acted out in boring deltll each time RCIRCLE Is run) notices 
that the TURTLE repeatedly |oes forward and turns, thus drawing the first part of 
the circle In the direction initially pointed by the TURTLE, A simpler debug Is 
possible with this ftnrlched view — turn the TURTLE 90 degrees before starling 
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the. RCIRCLE proctss. 

FORWARD 100 
LEFT 90 
RCIRCLE 20 



Figur* 3,5a 



Figure 3,5b 



3.2 "Playing Turtle" or "Piaying Computer" to Uncavar thtt PreecM Lerir, of a 
Proeedure or Subprocedure. 

One way to help students reselve thl* kind ef difficulty Is to euggett that 

students "play TURTLE", that Is, "put themselves in the TURTLrfi Maee," and 
physically carry out a set of Instructions. This Is often used to help students 
draw a circle with the TURTLE. First the student Is asked to walk in a drcle, 
then to separate his motion Into distinct forward and turn steps. In doing so, most 
students realize that a "TURTLE circlB" can be drawn by retjeating a veiy smal! 
step and a very 4 <7mII turn over and over again. 
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4 Acquirmg FIsKibil ity in Establishing Hierarchies of Proaadurei 

The most flexible and efficient u$e of proc0dure$ In hlersrchiBs, raU^$ s 
number of i$$u§$ which many $tudent$ learned to cope with as part of 
their LOGO Bxperienc&. 

BEHA VIORS OBSERVED 

4,1 Paying attentlQn to state chanBe equivalenca and state traospartnay 

This section extends the thread of dhtL fishing thb process and the 
product of a procedure, begun in section 3, Into the development of the 
concept of TURTLE $tate, $tate change, and slate change equlvalencB, 
From the viewpoint of a TURTLE procedure all that i$ important about a 
particular subprocedure is Its net change of state (net motion). Any 
subprocedure with an equivalent state change can be $ubstltuted and 
will not affect In any way the rest of the procedure. Students u$e this 
knowledge In a number of way$. For example, a student may realism 
that a quarter circle Is equivalent to going forward the radius, turning 
90 degrees and going forward the radm^ ^gain, and use that in hl$ 
planning. 




Figure 4Ja Figure 4.1b 

Another way of muring modularity i$ to write procedures with no net 
state change. SMh ^state transparent'' proced^es can be IntroAiced or 
left out at any point of a superprocedure with no effect on the rest of 
the process. 

4. LI An Example of Failure to Relate the State of the TURTLE (Pf^ass) of a 

Procedure to the Produet 

• 

Albert had great diffjcuity ^unpacking" the prooe§s of what he had don@i onoe a 
series of steps were combined into a procedure* Although he was quite 
competent at moving the TURTLE arour^ the screenp he seemed .to lose track of 
what to do when he had to move the TURTLE from the ending of one 



to the start of anothsr. This is ihown most cleirly in the project in which ha had 
the computer draw his Initials, 

Albert had no difficulty creating the subprocedures, A and J, which drew each 
initial. 



FINISH 
START 




STAIT 3 



FIgufe 4.2 

The TURTLE finished drawing the A at point 2, and began drawing the J at point 
3. Despite a very clear idea of what he wanted to result t4 look like, he had no 
idea of how to plan the interface steps. It took a trial ami error process Involving 
seven attempts before the A and J were sllgned correctly, 
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4.1.2 Jlmmy*s Racetrack 

Jimmy, in contrast to Albert, always seemed to know eactly where the turtle had 
to move to construct the next part of his design, Jimmy had coi^eted the InsidA 
of an "oval" racetrack by using the series of commanded 

FORWARD 150 
RARC 40 
RARC 40 
FORWARD 150 
RARC 40 
RARC 40 

Without "visible" calculations or planning, he moved the turtle over as shown, and 
used these commands to draw the outside of the racetrack. 

PENUP 
LEFT 90 
FORWARD 40 
RIGHT 90 
PENDOWN 
FORWARD 150 
RARC 80 
RARC 80 
FORWARD 150 
RARC 80 
RARC 80 



When asked by an observer how he knew where to place the turtle to draw the 
outside, and how he chose the input for RARC to draw the outside of the track, 
Jimmy replied that he knew that RARC was the same as "turning a corner," and 
that since he knew that he wanted the track to bd 40 units wide, he made the 
radius of RARC 40 units larger than the radiui he had'used for the Inner track. 
This explanation, together with the way he moved the turtle, indicated that he 
was taking into account the "net effect" of the RARC procedure » Its starting and 
ending states — as well as Its product what It Jooked like — in carrying out 
his plan. 




Figire 4.4 




Figure 4.5 
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4.13 Awareness of Turtle State 



4L3 V VrittnR State Transparent PrQcedures 



Th& cleare$t way b eliminate confumn betwBen the ptoduct drswn by 
a subprocedure and tlw step$ n§ce$$ary to put it in the right pQiltion^ 1$ 
to make the subprocedure itself Btate-traniparent A state transparmt 
procedure begins and ends with the turtle In the same state, so that the 
problem of locating the procedure on the screen can be $qlved 
sBparateiy from the problem of drawing IL Although the of $tate 
transparency was not consistent among our student^ some of them did 
come to understand and apply this idea, 

!n Gary's STARSHIP, for example, the thrae major subprooidurti, C, which draw 
the "cabin" of the starship and WINGL and vVINGR, which drew its wlngii were 
state transparent. Each of them ended In the same state It began. For more 
details of these procedures see section 46.1 below. 




STARSHIP 
Figure 4.6 



igure 4.7 



WINGR 
Figure 4.8 



4.2 Functional Naming 

In defining a superproe«dure clearly It Is helpful to give sub^d'^edurAt nmn&B 
which describe their function In the superprocedure' rather thin an Intrinsir. 
property of the Bubprocedure itself. For example a certain CIRCLE becomw* an 
EYE In a FACE. 

4.2,1 The student may begin by choosing names for procedures sc,?srding to 
the shape that they draw, such as SQUARE, TRIANGLE, STAR or DIAMOND. 
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FunctlQnal Procedure Names 



EXAMPLE: 

HOUSE could be drawn using ths sybprocidures SQUARE and TRIANGLE: 

TO HOUSE 
10 SQUARE 
20 RIGHT 90 
30 FORWARD 100 
40 RIGHT 30 
50 TRIANGLE 
END 



Figure 4,9 

4.2.2 Later the student may choose names for procedures according to their 
purpoia or function in a hitrarchy. 
Examples: 

TO HOUSE ' TO FRAME 

10 FRAME 10 BOX 

20 ROOF 20 RIGHT 90 

END 30 FORWARD 100 

END 

The FRAME and ROOF subprocidures need not use existing precedwts BOK .and 
TRIANGLE. They might incli^d all the steps necetssry to draw thoee shapts. 

4.2.3 Dariane made partial use of this nppro.%h in huf CAT projMt ^see Section 

5.2.1). 

Har procedure names EAR, EARl and TAIL were descriptive of IheIr function in 
her design, while her procedure names RIBIT, WEE and TURN, were randomly 
chosen. 

4.2.4 Donald's HEAD superprocedure i%m Section madm esnslstent use 
of functional procediN'e nafMs, 




TO ROOF 
10 RIGHT 30 
20 TRIANGLE 
END 
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TO HEAD 

1 BOX 

2 EYES 

3 NOSE 

4 MOUTH 

5 BEARD 

6 HAIR 

• ■ 70 EARS 
SO HAT 
85 FLOWER 
END 

4.3 Modularity 

It is usually effldent to use certain procedurea as modules, often having 
several different functions in the same or different superpreeedure. 
This may involve writing the procedure In a more general form (say, with 
size inputs) than might appear necessary on first thought 

4.3.1 Non-Modularity: Deborah's "Square" and "Diamond" 

Deborah, who had worked with square" foi « long time, had made the statement, 
"Now I know all about squares," Whe', whown a picture of a tilted square, 
Deborah Ignored her SQUARE procedure, and atlempted to define a new 
procedure. After a great deal of experimentation, she realized that her new 
shape required 90 degree turns at each corner, and she eventually dafined the 
procedure. ' 

o 

Figur© 4.10 

4.3.2, Kevin used his TRIANGLE procedure as a subprocedure In two different 
ways. He repeated it four times to make a FLOWER. Liter, He combined it with 



TO DIAMOND 

1 RIGHT 40 

2 FORWARD 30 

3 RIGHT 90 

4 FORWARD 30 
'5 RIGHT 90 

6 FORWARD 30 

7 RiGHT 90 

5 FORWARD 30 
END 
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a BOX procadura to maka i HOUSE. 




Figure 4J1 




Figure 4.12 




Fi|ure 413 



4.3.3 Kevin's major project was to draw a "turtle" He used the same pair of 
subprocedures, FOOT and BKFOOT, four times, to draw the "turtleV feet. 



85 





FOOT 

Flgura 414 



BKFOOT 
Figure 4.15 



* TiJiTLE 

FiSLfra 4.16 



4.4 Modular Debugging 

A student realizes that a oubprocedure is an "entity" which can be debugged 
without changing other elements of a project In which It Is embedded, Tha 
itudent will then have to take Into account the way in which changing ona 
subprocedure effects the rest of a project. 

4.4.1 A student may have written the following buggy prdcedur'es: 

JO BALLOOIV TO STRiNG 

10 STICK 10 FORWArtO 100 

20 RCIRCLE 20 END 



BALLOON prc 'jces the picture, shown In flgurs 4.17a Instead of that ehown in- 
figure 4.17b as intended. 



END 
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Figure 4.17a Figure 4.17b 

This can be debugged by changini the subprocedure STRING, without changing 
BALLOON as fjllows: 

TO STRING 

10 FORWARD 100 

20 LEFT 90 

END ' 

This will produce the desired effect (figure 4.17b) when the commnnd BALLON is 
given. 

4.4.2 Suppose, however, that BALLOON Is itself a subprocedure in anottAr design, 

TO PERSON TO ARMS 

10 BALLOON 10 RIGHT 90 

20 BACK 40 20 FORWARD 30 

30 ARMS 30 BACK 60 

END 40 FORWARD 30 

50 LEFT 90 

END 

PERSON Is suppOBBd to drawi 
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Rgure 418a 

When the eriglnal version of 

BALLOON is used, PERSON produces a buggy drswingi 



Figure 41 8b 

When STRING H debugi^^i, %q thai BALLOON li correct, PERSON has a 
different bug: 




Rgure 4,18c 
This can be dabu|ged by editing BALLOON: 
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TO BALLOON 
10 STRING 
20 RCIRCLE 20 
30 RIGHT 90 
END 

Both BALLOON and PERSON now produce the desired effect (Figure 4.iaa)s 
4.5 Systems of PrQcedures 

As a atudent masters a humber of these approaches, s/he may be able 
to combirie several of them into a 'system" of rocedures and 
subprocedures to carry out a complex task. In particular, the process of 
a procedure may have parts and even modules which are not evident in 
the final product. In terms of silent behaviors, for example, beginning 
students rarely separai^^ ihe interface steps needed to go from one part 
of a design to another, srsi m irdepmndent subprocedure, though that is a 
practice which can aid readability and debugging. Some students do 
begin to use thesb functional procedures after some programming 



EXAMPLESi 

4.5.1 The second version of Giry's starstilp design used functional procedure 
namos, state Iranspareni subprocedures, STA, WINGR and WINGL, and interface 
subprocedures MO, MOV end the modular procedupitf LI iLE. 

The procedure ETA draws the central part of if s STARSHIP, while WINQf? eind 
WINGL make use of LI, MO, and MOV, to draw the twr^ wings, LI tl% draws a 
symmetrical Wm of any length. MO and MOV shift the TfU^TLE 100 units to the 
Hgh'. and left respectively. (See Figures 4.6-48, p. 4.13.^ 

TO STARSHIP TO WINGR . TO WINGL 



experience. 



10 STA 
20 WINGR 
30 WINGL 
END 



ro MO 
20 RIGHT 90 
30 L! 50 
35 LEFT 90 
40 MOV 
END 



10 M(vV 
00 LEFT 30 
30 U 50 
35 RIGHT 90 
40 MO 

50 HIDETURTLE 
END 
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TO U :LE 



TO MO 

10 RIGHT 90 

20 FORWARD 100 

30 [Xrr go 

END 



TO MOV 

10 LEFT 90 

20 FORWARD 100 

30 RIGHT 90 

END 



5 PEN'DOWN 
10 RIGHT SO 



20 FORWARD :LE 
30 LEFT 180 



40 FORW.APn 2 ♦ :Le 
50 RIGHT " t j 
SO FORWARD :LE 
70 LEFT 90 
END 

4,5.2 A much more elaborate example of the combined use of these technlqi'^s is 
the systetn Harriet created for her TICTACTOE pme. She needed a large rvu nber 
of subprocedures and varlablos in order to draw the board^andnplay a game of 
TICTACTOE, keeping track of the moves, so that the computer could declere a 
winner. {For a detallad description of the system Harriet created, see the profile 
of Harriet's work, In part II!, CHAPTER 8). 
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5. Fitting a Procedure Into a Hitrarehyi 'Top-down" vs. ''Bottom-Up" 

There are two appomg mod§$ of placing prQcedures In a hierarchy. 
The most natural i$ to take procedi^&s at hand and fit them a^ prmtive 
elements into a superstructure. This is a ^ottom-^up" approdch. 
AJtermttvely one may design the superstructure as an outline first and 
then implement the necessary new subprocedures. This latter, "top- 
down'' approach, usually allows better fitting of the hierarchy of the 
process to the logic of the product and hence m&kes proaedures easier 
to plan, read and debug. Our examples detail some of the stages in 
coming tv learn both &f these complementary approaches and some 
interesting "pathologicar use of the notions as WinL 

BEHAVIORS OBSERVEDi 

5.1 The "BottorM-Up" ADproach 

In this section we present a sequence gf succsssively more eor^pIeK uses of 
the ''b©ttQm--up" approach. 

EKamp^es: 

5. LI The student uses one of her own procedures as an entity In a desigh 
Involving simple repetition of that prwedure with poisibla mtervening steps* 

A student instructs the computer to carry out the following series of steps. 
SQUARE, SqU/ i^E, SQUARE, SQUARE, or SQUARE, RIGHT 40, SQUARE, RIGfCT 40, 
SQUARE, RIGHT 40. 
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\ 








Figure 5.1 



Figure S.2 



5.1.2. The student combines several self-wrlttan procedures in one design. 
For example: SQUARE, JOHNNY, SQUARE: 




S.1.3. Thfi student writes pr^ceduree that ineorporati prtvlouily written 

Rroc'^dures: 
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TO WINDOW 

1 SQUARE 

2 SQUARE 

3 SQUARE 

4 SQUARE 
END 



TO J' INKY 

1 mm 

2 JOHNNY 

3 SQUARE 
END 



5.1.4, The student Incorporates existing procedures as sub-elements of a p[anned 
design. This Involves a goal-direeted moving and turninf of proceAjrt-shipes 
with TURTLE commands. 

£xample: A "house" built from a trianfie and a square procedure, 
TO HOUSE 

10 SQUARE * 
20 RIGHT 90 
30 FORWARD 100 
40 RIGHT 30 
50 TRIANGLE 

END , . 

Figiro 5.4 

A "face" built from square procedures of different sizes. 




o 

□ 



Figuro SJ 



.J 



Note th^t using prQcaduras as iubpraeeduras in this fashion is distlnet from "freii- 
hand" GQnstrwtion of such designs using only basic TURTLE commsnds. 
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5,2. The "Top-Down" Approach 
EXAMPLES! 

5.2,L A student divldas a task Into manaieabla chunks by breaking a long 
problem into subparts, which bacome subprocedures. For eKimple, Darlene-s 
prcqedure, CAT: 



TO CAT 




1 RIBIT 


idraws two Circlet for the cat's body and ht 


2 WEE 


;movas the turtle to draw the cat's left ear 


3 EAR 


idraws the left ear of the cat 


4 EARl 


jmoves the turtle and draws the right ear 


5 TURN ' 


imoves the turtle to draw the cat's tail 


6 TAIL 


.draws the cat's tall 


EMD 
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Darlane'i CAT is atypical of ihls stagi in separating off some mterface steps 
<WEE and TURN) as subproctdures. Mora typleal is what she doas In EARl which 
moves the TURTLE ar^ draws th# sacond ear. Note the use of both detcripttve, 
functional subprocedure names, EAR, EARl, ar^ TAIL, and non-deicriptlve, non- 
functional names RIBIT and WEE 

5.2*2. A student breaks a long problem Into subpartsi but uses a "cumulativa 
hierarchy'' structure in which each procedure contains Its pred«ess&r procedure 
as the first step, ard then adds additional steps. The following set of procedures 
draws a parson. 



* 
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TO PERSON 


TO LEG2 


TO LEGl 


J O LFCa 


10 LEGl 


10 BODY 


20 RC T 135 


20 LEFT iO 


20 RIGHT 135 


30 FORWARD 50 


30 FORWARD 50 


30 FORWARD 50 


40 RIGHT 90 


40 BACK SO 


40 BACK BO 


50 FORWARO 50 


END 


END 


60 BACK 100 






70 HIDETURTLE 






END 






TO BODY 


TO HEAD 




10 HEAD 


10 LEFT 90 




20 RIGHT 90 


20 RCIRCLE 15 




30 BACK 50 


END 




END 







HEAD 



BODY 

o 



im 1 




LEG 2 




PERSON 



Q 




r'\%um 5.8 
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Note that the process hierarchy does not match the hierarchy of the product, 
defeating readability and modular debui|inf. LEGl draws a lot more thpn a leg 
and legs can't be run by thtmselves to try them out. 



Jimmy used this kind of approach In his long robot project Details are pven In 
Jimmy's profile. Chapter 9, Part III of this report. 

5.2.3 A student engages in full top-down advance planning of a project, perhaps 
even writing procedures into the hlirarchy Nfore defining thim. Donald's projict 
was to draw a head. 



Donald's Plan 





o h 



L 



si 



Figure 5.9 



TO HEAD 

1 BOX 

2 EYES 

3 NOSE 

4 MOUTH 

5 BEARD 

6 HAIR 

7 EARS 
SO HAT 

as FLOWER 
END 




iniiiiiiiiiniiiitifiH 

O O 




Figure S.iO 



First Donald planned his project by means of a drawing. First he wrote the 
superprocedure HEAD contalnlrtg the first six subprocedures. Donald then created 
each subprocedure in order. After completing the head as far as the hair, Donald 
added the subprocedures EARS, HAT and FLOWER as he completed them. All of 
the elements were present his initial drawing, In writing ijhis subprocedures 
Donald did not separate out the interface steps, but uicluded them at the 
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beginning of each new subprocedure. 
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6. Developing Patterned Pfocedures tislni REPEAT. Recurslan and Iteration 

There are three different approxhes which can be used by beginning 
LOGO students to cause the aame cQmmand or series of commarKls to be 
repeated more than once by the computer. Using a LQQO procmdure 
called REPEAT, provided by the teachen using a procedure name 
recursively within the procedure itself and using a process of looping, 
in which the computer is diracted to go hnk to a previous line of the 
same procedure. 

We refer to a procedure in which a set of steps is repeated as a 
"patterned procedure", because the student must be aware of a 
repeating pattern in the pr ocess s/he Is using, and because such 
procedures produce visual patterns when they are used in Turtle 
Geometry In describing student use of patterned preceAjres, we wilt 
first consider examples of use of the REPEAT cormand, and of other 
simple ways that students can cmse a repeated sequence o^ eommtnds 
before we consider recursion and looping. Initial use of patterned 
procedures leads naturally to the use of "stop rules" which requirm 
knowledge of variables. Thus there will be a certain amount of overlap 
between this section and Section 7, "Using Varieties in ProceAn'es. " 

BEHAVIORS OBSERVED: 

6.1 SiLmple Forms of Repetition 

Many students begin to repeat a particular set of instructions over and 
over, before they have even learned to write a proc^we, or even to 
distinguish clearly between the effects of inputs to FORWARD end 
RIGHT commands. At a later stage, they may make a procedure, and 
create, an unexpected pattern by repeating the procedure. At a still 
later stage a student who has planned to create a visual pattern with 
the TURTLE can cwry It out by defining a procedure which is then 
repeated to complete th» 

EXAMPLES: 

6.1.1 Repetition of a Sequence of Commands 

At an early stage of LOGO worl<, a student may type FORWARD 65, RIGHT 65, 
FORWARD 65, RlfaHT 65, ... Although this may be begun as a random activity, 
ence the student notices the visual pattern s/he may keep typing the same 
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commtnds until s/he feels the pattern is "complete". This type of behavior often 
occurs when students are beginning their Bxploratlon of LOGO, and have not yet 
distinguished between the effects of inputs to FORWARD and RIGHT commands 
(see Chapter 5, Section 1). 



Figure S.l 

6.1.2 Repetition of Procedures 

Having definad a procedura, the student may repeat that procedure several times. 
The emerging pattern may at first be a surprise to the stuc ml Later, s/he may 
deHberately create a procedure in order to mal<e a pattern by repeating it For 
examples 
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SQUARE 
SQUARE 
SQUARE 
SQUARE 



JOHNNY 
JOHHNY 
JOHNNY 
JOHNNY 
ETC. 




Figure 6.2 



Figure 6.3 



6,1.3 Defining a PrQcedure for the Purpofle of Repeating a Fixed Sagyaneg of 

Sleps 

A student may define a procedure to aid In drawing a patternMl design. Kathy, 
for example, had decided to malce the TURTLE draw a "circle" by repeating 
FORWARD 20 RIGHT 20 a larie nw^er of times. To save typing she wrote the 
procedure, ROUND, repeatii^ it foir times to eofr^ete the "cirde"! 



TO ROUND 

1 FORWARD 20 

2 RIGHT 20 

3 FORWARD 20 

4 RIGHT 20 \ 

5 FORWARD 20 

6 RIGHT 20 

7 FORWARD 20 
S RIGHT 20 

9 FORWARD 20 

10 RIGHT 20 
END 



TOSHaL 

1 ROUND 

2 ROUND 

3 ROUND 

4 ROUND 
END 
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REPEAT h a LOGO procedure given to our students as s "primitive', 
indistinguishable to them from a LOQO eommand. REPEAT requires two 
inputs: a list of instructions (contained within square bracket^ [ ]) and 
a number, telling how many times the instructions are to be repeated. 
This allows a stiklent to experiment with the number of times a pattern 
is to be repeated, as well as to create automatically repeating patterns 
without having to learn the more complex process of creating a 
recursive or looping procedure. 

EXAMPLES 

6.2.1 Using REPEAT to Qi aw Circ tas 

Darlene used REPEAT to create a variety of circles of different curvature. Using 
REPEAT she was able to easily expfore the effects of varying both slie and angUM 
as well as to discover ihe connection between the angle turned, and the number 
of turns needed to complete a circle (the "Total Turtle Trip Theorem," see 
Chapter 5, Sft^rtion A), these learnlnp came at an early stage of Darlene*t LOGO 
activities, berore she had the sophistication to incorporate varlabiss in a 
repeatini procedure. Darlene made several circles, two of wNch she used later 
as part of her CAT design. 

REPEAT [FD 3 RT 2] 1 gO REPEAT [FD 2 RT 3] 1 20 




Figure 6.4 ' Fipra 6.5 
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Using REPEAT 




Figure 6.6s CAT 

6.2.3 Using REPEAT to Creata Random Patterns 

- Ray made a number sf designs using REPEAT. He would write a procedure with a 
few random steps,, and then experiment with the patterns created by repeating It 
differftp it numbers of times; 

. . 103 
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TO SAM 

1 FORWARD 17 

2 RIGHT 90 

3 FORWARD 29 

4 LEFT 56 
END 



TO TIM 

1 FORWARD 19 

2 RIGHT 90 

3 FORWARD 38 

4 LEFT 61 
END 



TO JOE 

1 SAM 

2 LEFT 150 

3 TIM 
END 





RbPEAT [SAM] 3u 
Figure S.7 



REPEAT [TIM] 30 
Figure 6 J 




REPEAT [JOE] 30 
Figure 6.9 



6.2.3 Using REPEAT to Draw Patternftd Elements of a Larger Derign 

Donald used REPEAT to draw both the BEARD and HAIR of liis head. Hit 
procedure STRING drew one hair of a BEARD, and rotated the TURTLE a little. 
BEARD used REPEAT [STRIIdG] 15, to draw a complete beard. Similarly, the hair 
was drawn by using REPEAT [HAIRY] 25, where HAIRY drew a single hair ami 
moved the TURTLE over. 
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STRING 



REPEAT [STRING] 15 



PENUP 



PEKDOWN 
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All thm studmnta in our / OGO elBSBes were introduced to thm u$a of 
recursion at some point during their LO^ e)<perimncm. Typically, their 
tir$t use of recLrsion is "to maf(e sometMng keep happenng.' >i trying 
to make a rirclm, fw example they m'ght be shown or may invmnt ttm 

procedura; 

TO CIRCLE 

1 FORWARD 1 

2 RIGHT 1 

3 CIRCLE 
END 



Many students incorporate this idea into other prpjeete v/hich involve 
the creation of designs by repeating a fixed series of steps ovsr and 
over. Students who Incorporate this approach into their own work 
usM'ly go on to include 'stop rules" to stop a procedure when the 
padiirn is complete, and variables to allow a greater variety of effects 
with the same procedure. Some of the students used recursive 
procedures which increment or decrement a variable. A few students 
used recursive procedures to manipulate variables — words or lists, 
although this was typically after they had had a good deal of LOGO 
experimce. Only the simplest use of recursion is discussed here. Use 
of recursion with variables and stop rules is discussed In section 7.3 
below. 
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EXAMPLES-. 

6.3.1 Usini Recursion in "cHehe" form to Repeat t lieries of fixed tteps. 

Monica was a student who used sl^e rmrmm a great deal. Hw proce^a, 
FAN, designed to produce a pattern by rotating a triangta^ it m tyfUctH wm^m 



TO FAN 

1 TRI 

2 LEFT 10 

3 FAN 
END 




FAN 

Figure 6.12 

6.4 The Use of Looping to Crea'ie Patterned Procedures 

Looping In LOGO Is carried out by using the eommand GO, fei. med by a 
line number, which transfers control to the given line, In the ssrhm 
procedure. For example, the following procedure draws a "circle" 

TO CIRCLE 
10 FORWARD 1 
20 RIGHT 1 
30 GO 10 
END 

For many applications, the Issues Involved for beginning students arm 
similar to those encountered in projects involving recursion. Each 
approach has its own distinct advantages and disadvantages, which will 
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be mentioned briefly. Except for thm use of looplnff in &;matfon, 
ipeciffe examples of student work will not be presmit&i 

•. In procedures Invdvlng list and word f^Mesmn^ rewslon is usually 

preferred because it makes it eamv' for a student to u^entand the 
procese if each new step is carried out by a new procedure with 
altered inputs. 

Situations in which looping is preferred are those in which a targe 
number of repeats (more thm 100) are required Loepif^ em eentinue 
indefinitely, while recursion is linvted by the ammjnt of storage space 
available for new procedures. Looping is therefore to be preferred in 
the case of a POLY procedure (see chapter 5 section 1) which can 
require as many as 360 repeal before nh^eting a demffh w In en 
animation, in v^'ch a procests is repeats indeHrit^y, 

EXAMPLES 

6.4.1 The Use of tooping in Animation Procedureg 

Karl dfeveloped a proceclure In which ihe TURTLE was made to move continuously 
across the screen, and could be eontrolled by typmi commands at the keyboardi 

TO CAR TO CH 

10 MAKE "D 10 10 MAKE "LETTER KEY 

20 CH . 20 IF « "R RIGHT 30 

30 FORWARD :D 30 IF iLETTER X LEFT 30 

40 GO 20 40 IF :LETTER = "F MAKE "D + B 

END etc. 

Karrs work in developing tWs procedure Is discussed more MIy In section 7 of 
this chapter which deals with student use of variables, and In Chapter 3, dealing 
with exceptional students. 

Whereas Karrs procedure CAR "animated" the TURTLE, Gary's procedure 
MQVESHIP, "animated" his "starship." (see Figure 4.6) 
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TO MOVESHIP 
10 MAKE "D 10 
20 DiSPLAY iSHIP 
30 FLY 
40 CS 

50 FORWARD :D 
60 GO 20 
END 

Gary's FLY procedure was similar to Karl's CH, allowing Gafy to change the spaed 
or direction of the starshlp's motion. 
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7. Ufing Variables in LOGO Proeedures 

Thei use of varfablei ii a nmjor it^ ln thidevelopmMi 0^^ 
thmMni. A yaH 

ebj0 cU In such a way that the 
procedures to stand for the object itm^^ 
; number, a word, a llsi of numbers, word^ or otl\er lists, or in $pmcM 
^cases a "snapshot'' of a LOGO O^viring. An object to take 

on a number of different values, which must be specified before a 
procedure can be carried out 

The use of variables thus represents a N^r level of abstrs^tion than 
the use of direct commands. Instead ef tklng abieM^^^ 
direct connection between the command m^^ t^^^^^ 
student must anticipate a variety of ^ffermt acVor^ depirj^ 
different values of the variable: A vaHably sized ^ai^^ 
procedure can draw a large numher of sir^lar ngu^^ 
or one after another, rather than one fimd $hafm. i A p^^ 
made to print out a statement in which ihe message or messages to be 
printed have not yet been detmMned, The use of varhble^ along with 
the use of patterned procedure^ can unlock the power of a computer 
for a student 

The LOGO language deals with variables In a way that r«fltrfr#s (/le user 
to distinguish the name of a variable (Indicated by an opening symbol 
called "quotes') from the value or thing of the variable (represented by 
a cclom called "dots"). Variables are created in LOGO In two w^a. By 
using the LOGO cemaKl MAKE to assign a name to a partle^ar thing.- 

MAKE "NUM 7 

MAKE "MESSAGE mLO 

MAKE -SENTENCE [HELLO, HOW ARE YOU?] • 

And by Including a variable name In the title of a proeedurei 

TO MOVE iDISTANCE 
10 FORWARD iDISTANCE 
END 
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TO SAY iMESSAGE 
10 PRINT ^MESSAGE 
END 

In u$lng variables, the distmtlon must be maintained between the uao of 
the name of the variable, and the use of the object or value of the 
variable. For example, the eommand 

PRINT MESSAGE results in 

HELLO 

While the command 
PRINT "MESSAGE results In 
MESSAGE 

If "DISTANCE has a value of 100, then the command 

FORWARD .-DISTANCE ■ ' 

will cause the TURTLE to move forward 100 TURTLE steps. The 
command 

FORWARD "DISTANCE, however, will result In an error message, 

FORWARD DOESN'T LIKE "DISTANCE AS AN INPUT. 

Student use of variables In our LOGO classes fell mainly Into three major 
categories having some degree of overlap; 

1, The use of variables to change the size end/or shape of a drawing 

Z The use of variables to store Information wNch can later be used in a 
procedure, or printed as part of a message^ 

. , » - - — i' . 

3. The use of variables to control or stop the xtlon of a procedure. 



BEHAVIORS OBSERVEDi 

7. 1 Using Variables to Change the Size or Shape of a TurtlB Drawing. 

the use of variables to change the size or shape of a geometric figiFe, proviclea a 
concrete introduction to the use of variables. 

... 1 

EXAMPLES: 



7.1.1 Varying a Fixed Shape 

Once a student has wntten a procedure to 
isolated the idea of a siguare. realizing that many 
drawn, just by changing the value of all the forw 
the student is usually ready to understand 
accompllsK this taste with Just one procedure, 
"copied" as the procedure NEWSQUARE, by 
substituting :SIZE for each forward steps 



a square, for example, and has 
squares of different siEes can be 
ard steps in a square procedure, 
the use of LOGO var i bbl es to 
, Tha procedure SQUARE can be 
adding iSIZE to the tltler end by 



TO SQUARE 

10 FORWARD 100 

aO RIGHT 90 

30 FORWARD 100 

40 RIGHT 90 

50 FORWARD 100 

60 RIGHT 90 

70 FORWARD 100 

80 RIGHT 90 

END 



TO NEWSQUARE iSI 

10 FORWARD iSIZE 

20 RIGHT 90 

30 FORWARD iSIZE 

40 RIGHT 90 

SO FORWARD iSIZE 

60 RIGHT 90 

70 FORWARD iSiZE 

SO RIGHT 90 

END 




SQUARE 
Figure 7.1 
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NEWSQUARE20 NEWSQUARE 80 NEWSQUARE 100 

Figure 7,2 

Monica and Kathy used a variable squart procedural SQy to make Qther daiignti 

TO bIiS to 4BUS TO STAR 

1 SQ 140 1 BUS 1 4BUS 

2 LEPT 90 2 BUS 2 RIGHT 40 
SSQ'SO 3 bus 3 4BUS 
END 4 BUS END 

END . 




TO WQW 



SQ 10 
SQ 20 

sq4o 

sq:,4o 

SQSb 
SQ 60 
SQ70 
SSQSO 
9 SQ 90 

10 isQ ido 

U SQ 110 
END 




Figure 7.4 



Kevin created a similar figura using a POLY procedure with a fixed 9 
angle, and a variable size. In addltiph, he made use of a re^uriiyejproeiidufa 
which incramented the value of the size and includisd 

TOFU:SIZE 
10 POLY jSIZE 90 
aO IF sSIZE ^ 100 STOP 
30 FU iSIZE + 5 




LJsing a variably sized equilateral triangle, THRU sSIZE, Dennis created a set of 
nested triangles by halving the size of the triangle with each repeal, and including 
a stop ruiei 

TOQiSIZE 

10 IF sSIZE < 10 STOP 

aO THRI l iSIZE 

3d FORWARD iSIZE/2 

40RldHT60 

50 0iSIZE/2 • 

END 11 0 
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TO THRU :SIZE 

1 FORWARD jSIZE 

2 RIGHT 120 

3 FbRWARD jSIZE 

4 RIGHT 120 ■ 

5 FORWARD iSIZE 

6 RIGHT 120 
END 



7.1.2 Varying the Angle in a Procedure 

A common theme in Turtle Geometry is to create a design by using a ehape, 
rotation, shape, rotation...motlf. Studentf usually used fixed angles In their first 
attempts — Monica's procedure, FAN, (Figure 6.12) for example. An ta^ next 
step would be to make the angle a variable, as Monica did In her procedur* 
WISHWOW. In similar fashion, Albert varied the ingle of rotation of a series of 
stars in his procedure AS| 

TO WISHWOW ;ANGLE 

lOWOW 

20 RIGHT lANGLE 

30 IF HEADING ^ 0 stop 

40 WISHWOW jANGLE 

END 
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Multiple Varlabtes 



WISHWOW 160 



WISHWOW 165 





TO AS :ANGLE 
10 STAR ■ 
20 RIGHT I ANGLE 
30 AS jANGLE 



AS 90 
Figure 7.S 

7.1.3 Procedui^es with Mora Than One Variable 

One easy extension of this type ©f viriable use Is to Include more than one 
variable. For example, a rectangle. 

TO RECT :SIZE1 :SIZE2 
10 FORWARD jSIZEI 
20 RIGHT 90 
30 FORWARD iSIZE2 
40 RIGHT 90 
50 FORWARD iSIZEl 
SO RIGHT 90 
70 FORWARD :SIZE2 
SO RIGHT 90 
EMO 



The most widely used procedure InvclvIng two variables Is the POLY procedure, 
described extensively In Chapter 5, Section 1. 

TO POLY :SI2E sAMGLE 
' 0 FORWARD iSIZE 
^0 RIGHT WANGLE 
30 POLY ;SIZE lANGLE 

END ' • 

(See Chapter 5, Section 1) ' 



RECT 20 50 



RECT 100 10 
Flgurt 7.3 



Faicinatlng intensions of POLY can be explorid by Incrementing ilthtr the slie or 
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angle variable. KevWt TUNNEL procedure (Figure 745) and Nt FU pfoeedurf 
<^'tw^«^57-^> we WifflpliM of the effeet ©f^ 

PpLY thapa. More; generally, Ineremtntini the lize of a POLY prseedure's 
. forward step, preducet a •piril »^^^^ 

i TS SPI iSIZE WANGLE 
r 10 FORWARD sSIZE 

20 RIGHT lANGLE 
- 30 SPI jSIZE + 3 lANGLE 

END 




SPI 5 144 SPi 5 120 

Figure 7.10 

Incrementing the anfle, hewever, prfrduces a msre unusual effect 
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TO INSPI sSIZE lANGLE 

10 FORWARD :SIZE 

20 RIGHT :ANGLE 

30 INSPI sSIZE sANGLE + 10 

END 




Figure 7.11 



7.2 Using Variables tq^ Store Informatron 



Infomation is stored in the camputer's memory by assigning a name to a 
number, word or list tfiai can be used, updated, or changed at a tat@r 
time. 

7.2.1 Naming Points 

The LOGO command HERE, outputs a list of three numbers specifying the 
X, y and heading coordinates of the TURTLE. A point can be named by 
moving the TURTLE to a particular point, and using 

MAKE: MAKE "POINT HERE. 

Later, the turtle can be moved back to the same point by the eommand 
SETTURTLE jPOINT, 

or the coordinates of the point can be printed out with the cpmmar^ 
PRINT :POINT. 

This process was used extensively by Harriet In her TfbTACTOE game. In which 
the user could specify that an K or an 0 should be drawn In one of nine boxes, 
The procedure then moved the TURTLE to a paj-tlcular point in each box before 
drawing the K or 0; 
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TOXtPOINT 

10 IF :POINT - 1 PENUP SEnURTLE 

20 IF ;POINT - 2 PENUP SETTURTLE #2 PENOOWN D< 

"PI, "P2, ... ware points named at an tarller stags of the procfiss. EK is a 
proeedure which draws an X. 

7.fc2 Sto rinfe a "Message" to be Used Later 

The LOGO command REQUEST waits for a user at the keyboard to type a nwsaage 
and carriage return, and then outputs that message as a list. This allows a 
procedure to store Information an^ f^resent It later. 

TO HELLO 

IQ PRINT [Hi, HOW ARE YOU TODAY?] 

20 PRINT [PLEASE TYPE YOUR FIRST NAME] 

30 MAKE "PERSON REQUEST 

40 PRIISIT SENTENCE [irS NICE TO SEE YOU TODAY] tPER^ 
END 

in use, the procedure would look like thisi 
HELLO 

HI, HOW ARE VDU TODAY? 
PLEASE TYPE YOUR FIRST NAME. 
<JOHN 

IT'S NICE TO SEE YOU TODAY, JOHN 

A message can also be included as a variable In a procedure titles 
TO HELLO sPERSON 

TO PRINT SENTENCE [IT'S NICE TOiSEE YOU TODAY] sPERMN 
END 

In this case, the user at the keyboard would have to Input the nume In one of two 
wayss 
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N aming a Message 



HELLO "JOHN 

ITS NICE TO SEE YOU TODAY JOHN 
7 

or 

MAKE "PERSON "JOHN 
HELLO iPERSON 

IT'S NICE TO SEE YOU TODAY JOHN 

A common uss of variables to store Information Is In a quiz program. Here, the 
variable must also be compared with another object to see If the answer Is 
correcL 

TO QUIZ 

1 0 PRINT [WHAT IS YOUR FAVORITE BASEBALL TEAM?] 

20 MAKE "ANSWER REQUEST 

30 IF :ANSWER = [BOSTON] PRINT [ME TOO] STOP 

40 PRINT [I DON'T AGREE! TRY AGAIN.] 

SO QUIZ 

END 

7.3 Using Variables to Control or Stop a Recursive Procedure. 

A student who creates a repeating design by using recursion often 
wants to stop the computer after it has completed drawing the design 
onee. At this stage of work a student begins to confront important 
issues which lead to a richer understanding of the lotfc of computer 
progi-arming. Among these Issues are the exact wording of a stop rule, 
and its location in a procedure. The procedure STA^ for exarr^le, is 
- interred to draw a twelve-pointed stars 
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TO STAR 
lOTRI 

20 RIGHT 30 
30 STAR 
END 



1^ 



iFiiureZia 

When it continues to draw redundant triangles after completing the 
desigry a studerit can add a atop rulei IF fmOINQ ^ O STOR^^^^^ 
the TURTLE starts in the 'Vime' poaitioh). Be^h^ 
assume that the step rule can simply be 

procedure, ne reasoning is that $lhce "the fait tNng the cQnmJtsr has 
to do is stop, the atop rule ahould eome laat', Jhlst is s natural 
conaecfuence of the atep-by-step aequentlal programmltig they have 
done up to this p(^nt In the edited version of STA^ however, the atop 
rule has no effect; 

TO STAR 
lOTRI 
. 20 RIGHT 30 
30 STAR 

40 IF HEADING - 0 STOP 
END 



The computer continues to re-execute STAR at line 30, and never 
carries out line 40. Students can learn to debug this kind of error by 
"playing computer," and "acting out" the execution of the procedure. 
Once they have realised that "line 40 is never executed," and that the 
stop rule must be placed before line 30, In the procedure the problem 
1$ still not resolved Placing the atop rule at line Si 
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TO STAR 

5 IF HEADING ^ 0 STOP 
10 TRI 

20 RIGHT 30 
30 STAR 
END 

terminaies execution of the procedure immediately^ if the TURTLE $lsrt8 
at the "home" position. Placing the stop rule sit line IS, stops the 
procedure after drawing only one triangle. 

It may require a lengthy process of trial and error, including "playing 
computer" several timm before the student realizes that the stop rule 
must be placed between lines 20 and 30 In order to have the desired 
effect: 

TO STAR 
10 TRI 

20 RIGHT 30 

25 IF HEADING - 0 STOP 

30 STAR 

END 



Another bug might occur If the TURTLE'S initial headine is not 0. In a 
recursive procedure, this can be resolved by initializing the stoppirtg 
condition before executing the recursive procedure.' 



TO STAR! 

10 MAKE "START HEADING 

20 STAR 

END 



TO STAR 
10 TRI 

20 RIGHT 30 

2S IF HEADING « sSTART STOP 

30 STAR 

END 



7.3.1 A Stop Rule In a ReBeated Design 



Monica's procedure, WISHWOW, Incorporated a variable angle as well as a stop 
rulei 
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lncrem§Ming VariBbles 



TO WISHWOW :ANGLE 

10 WOW 

20 RIGHT jANGLE 

30 IF HEADiNG.^OSTOP 

40 WISHWOW .-ANGLE 

END 

WISHV^W 30 slops aftsr four repeats of the commands WOW, RIGHT SOi 
WISHWOW 60 stops after six repeats of V/OW, RIGHT 6O5 ete. 




WISHWOW 90 
Figure 7,13 



WISHWOW SO 

Figure 7.14 



7.2.Z in cremantmi Variables In a Recursive Procedure 

Recurilve procedures provide a simple machanism for Incremanting end 
decrementihg variables. Students are often introduced to this technique by being 
shown a sample procedure, COUNTOOWNi . ' 
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TO COUNTDOWN :NUMBER 

10 PRINT ;NUMBER 

20 IF sNUMBER - 0 STOP 

30 COUNTDOWN ^NUMBER - 1 

END 

Kevin made use of this technique in his procedure, TUNNEL, which was built by 
using a POLY procedure In which the angle was kept constant (45 degreefi) and 
the size continually Increased: 

TO TUNNEL :SIZE 
1 0 POLY iSIZE 45 
20 IF iSIZE « 105 STOP 
30 TUNNEL iSIZE + 5 ' 
END 



' . Figure 7,IB 

7.3.3 Using Recursive Procedures to Manipulate Variables. Words and Lists 

The use of recurmve procedures to manipulate words and lists was not 
attemptsd by many of our students. Although students could have been 
introduced to these activities In a simple way, our major f(xus on Turtle 
Geometry in these classes led us to defer word and list manipulation 
until students needed it for particular projects — usually near the and 
of the series of classes. 

In order to manipulate words snrf lists a student needs to understand 
the use of the LOGO commands FIRST, BUTFIRST, LAST and BUTLAST, 
The command FIRST outputs the first character of a wor(i or the first 
word of a list BUTFIRST outputs everything but the first character of a 
word, or the first word of a list: 
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PRINT FIRST "HELLO 
H 

PRir>fr BUTFlRST "HELLO . . 

ELLO 

PRINT FIRST [HOW ARE YOU?] 
HOW 

PRINT BUTFIRST [HOW ARE YOU?] 
ARE YOU? 

LAST and BUTLAST havs similar effects on the last element of a wsrd or a list, 

Gary made use of these commands In a Morse CmIc projecL GiHys procedure, 
PRI2 iSENT, took an English sentence as Input; and printed ttw Morse Code for 
that sentence with single slashes between letters, and spaces between words. 
The morse code translator was b^lt up by first creating fi lengthy pr^tdure, 
CODE, which output the correct sequence of dots and dashes for a^rf letter or 
number: 

TO CODE' .-LETTER 

10 IF ^LETTER - "A OUTPUT ".- 

20 IF :LETTER - "B OUTPUT "-„. 

And so forth, with one line of the pfocedure for eMh letter of the alphabeL 

The procedure PRI sWORD prints the corrsct sequence of letters for an entire 
word: 

TO PRI :WORD 
10 IF sWORD =^ " STOP 
20 TYPE CODE FIRST :WORD 
30 TYPE "/ 

40 PRI BUTFIRST :WORO 
END 

PRI "HELLO 

..././.-../.-../™/ 

Thf) procedure PRI2 iSENT, prints the corrtct sequence of letters for an entire 

sentence: 
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TO PRi2 :SENT 
10 IF tSEHT = [ ] STOP 
20 PR! FIRST :SENT 
30 TYPE " 

40 PRI2 BUTFIRST :SENT 
END 



PRI2 [HELLO HOW ARE YOU] 

In efeatlng these procedures Gary had to understand iha difference between 
words and lists, and how this effected the wording of the stop rules In PRI (which 
manipulated words) and In PRIZ (which manipulated Ii|l8 of words). He also had to 
carry out a process of trial and error to dBtermlne the location of the stop rule In 
each procedure. When the series of LOGO classBs ended, Gary was engaged in 
the process of reversing the code — that, is, writing a set of procedures which 
would take a string of Morse Code symbols as input, and print out an English 
sentence. 
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7.4 Lsoping Procetjures With Stop Rules 

To add a stop rule to a looping procedure, one has to consider the location and 
wording of the stop rule, just as with recursive procedures. To add a st^ ruie 
to a procedure to draw twelve-pointed star, we simply write: 

TO STAR 
lOTRI 

20 RIGHT 30 
25 IF HEADING ^ 0 STOP 
30 GO 10 
EI\ID 




Figure 7. U 

To generalize this to a case in which the Initial heading Is not 0, a line tetllng the 
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Looping With Stop Rules 



ending condition ean be added witNn the same procedure, wNle the analogsus 
situation requires two proca^es when rmjrsion is involved (see section i.9,2)i 

TO STAR 

5 MAKE "START HEADING 

lOTRI 

20 RIGHT 30 

25 IF HEADING ^ ;START STOP 

30 GO 10 

END 

When incrementation is required, however, looping requires an extra step to 
change the value of the variable. Compare this looping version of ^UNTOOWh^ 
for e}<ample, with the recursive versior^ deso'lbad in Section 7.3.2. 

TO COUNTDOWN ^NUMBER 

10 PRINT iNUMBER 

20 IF sNUMBER = 0 STOP 

30 MAKE "NUMBER iNUMBER - l' 

40 GO 10 

END 
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5. Turtle Geometryi What the Students Learned 

The ways in which studants control the movements vf the LOGO TURTLE is 
an important aspect of their behavior in the LOGO learning environment, in 
this section, W9 shall describe the range of student behaviors in the "learning 
environment" of "Turtle Geometry", and relate these behaviors to 
fundamental understandings in mathematics, 

Wm have organized our observations into six general categories! ^ 

1. Qualitative structuring of the number worlds, 

Z Quantitative structuring of the number worlds. , 

3. The "group properties'* of the number worlds — the structuring of 
mathematical operations, 

4 The use of "TURTLE Coordinates" — the beginnings of differential 
geometry, 

5, The use of coordinate systems — the "global structurm" of the 
geometric world. 

6, Theorems and heuristics — movement towards formal mathematics. 
Qualitative Structuring of the "Number Worid" 

The use of numbers as inputs to TURTLE commands forces a atudent to 
recognize the different roles for numbers within Turtle Geometry, as well as 
the different properties of numbers within each role. The primary distinction 
that a student has to make Is between the use of numbers as Inputs to 
FORWARD and as inputs to RIGHT and LEFT. For example, in producing 
figures, the Input to FORWARD determines the size of the figure, while the 
input to RIGHT determines the shape. As an Input to FORWARD, a bigger 
number produces a "bigger" effect, white as an Input to RIGHT, a bigger 
number usually produces a "different", but not necessarily "bigger" effect 
RIGHT 180 reverses the TURTLE'S direction, while RIGHT $60 causes no 
rotation at all (for a T.V, TURTLE!). . 

Loosely speaking, inputs to FORWARD are mainly "quantitative," while inputs 
to RIGHT are largely "qualitative," FORWARD Is conceptually a "continuous 
function" while RIGHT is conceptually a "discontinuous functiem" FORWARD 



e Geometry 5.2 Dlffirgntiitlfig FORWARD/RIGHT 



90 and FORWARD Bl produce "elmst the same effeet," while RIGHT 90 and 
RIGHT 91 can praise extremely Afferent effeets In some cIramstanGes. 



These ermontlnMes become apparent wften a stfutws of mstruetlons 1$ 
rspeateda number of times. It Is the effect of a repeated difference in 
rotation that is "discontinuous" even when two single rotations appear to be 
very close. Compare two squares m^ by the eoimands 

REPEAT [FORWARD SO RIGHT 90] 4 s/Mf REPEAT [FORWARD 91 RIGHT pO] 4 





ire 1.1a 



Figur* 1.1b 

A^o matter how often these commands are repeated, the results will be 
similar squares of slightly different mes. In contrast, consider the effect of 
a small change in the angle. Compare two figures drawn by the commands 

REPEAT [FORWARD 90 RIGHT 90 ] 4 REPEAT [FORWARd 90 RIGHT 93] 4 - 





Figure 1.2a 



Figura 1.2b 



The figure on the right Is "almost the same" as the one on the left If, 
however, we repeat both FORWARD 90 RIGHT 90 and FORWARD 90 RIGHT 
93 a few more times, the differemes become more a^arenti 

REPEAT [FORWARD 90 RIGHT 90 ] 8 s/irfRIPIAT [FORWARD 90 R!^HT 33] 8 
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Figure 1.3a 



Figura 1,3b 



and if we repeat the two pairs of commands a lot more time$, the two 
figures become significantly different In appearancei 

REPEAT [FORWARD 90 RIGHT SO] 100 ansf REPEAT [FORWARD. SO RIGHT 93] 100 




Figure 1.4a 




Fl|ure 1.4b 



These differences are shown \n a more general way by th$ behavior of the 
LOGO procedure, POLY: 

TO POLY :SIDE :ANGLE 
10 FORWARD iSIDE 
20 RIGHT {ANGLE 
30 POLY ;SIDE lANIGLE 
END 



When the command POLY (with two Irputs) 1$ giv§r^ It will continue ts r^tt a 
fixed FORWARD-RIGHT combination, until the computer runs out of sterago apaee. 
The first input determines the amount the TURTLE will move forward each tlme^ 
the second determines how much It will turn. Varying the second (angle) Inpu^ 
while holding tha first constant, produces dramatlsally afferant ^ufittK 
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Behevlof of POLY Procadures 
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POLY 100 90 
Figure 1.5 




POLY 100 93 
Figure 1.6 



POLY 100 120 
Figyr* 1.7 
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POLY 100 144 
Figure 1.8 



100 14S 
Figure 1.9 



POLY 100 179 
Figure 1.10 



POLY m ISO 
Figure 1.11 
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On the other hand, varying the first (side) input, while holding the second 
constant, produces a sat of geometrically similar shapas: 





POLY 10 144 
^'^ure. 1.12 



POLY SO 144 
Figure 1.13 



POLY too 144 
Figure 1.14 



One of the learner's earliest challenges In the control of the TIMTLE is to 
comprehend and make use of this qualitative difference in the effects of 
numbers as inputs to TURTLE commands. (Other roles of numbers In thm 
LOGO environment have to do with the use of line numbers to order a 
sequence of steps in a LOGO prxedure, and the use of numbers as counter$ 
in determining how often a series of steps vrill be repeattd) 

BEHAVIORS OBSERVED: 

. 1.1 Inputs Chosen by Non Geometric Consideratlgns 

Numbers used as Inputs to both FORWARD and RIGHT eemmandi have no apparant 
geomatric regularity, Thay may be ditermlned by non-geometric considerations 
such as ease of typlngi or previously familiar number patterns. At this staga of 
comprehenslonp intereiting effeati may be produeedi but In an unoontrollad way, 
subject to unexpected 'difasters" such at "OUT OF BOUNDS'* meisigei. 

EXAMPLES- 
LI. 1 A student may repeat a pair of commands FORWARD 99 RIGHT SS, several 
times to make an Intirtiting deiigm 
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Figure 1.15 • 

1.1.2 A student mikes a procedure by using the commands FORWARD 123, RIGHT 
123, FORWARD 123, RIGHT 123, FORWARD 123. An Interesting desjgn may be 
made by repeating this procedure a number of timesi 
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5.7 Non-Geometric Choree of Inputs 



TO JANE 

1 FORWARD 123 

2 RIGHT 123 

3 FORWARD 123 

4 RIGHT 123 

5 FORWARD 123 
END 




TO JANE REPEAT [JANE] 3 REPEAT [JANE] 30 

, Figure 1.16 Figure 1.17 ij Figure 1.18 



1.2 More Systamatie Cholcej gf Inputs 

The student-s choice of inpyt numbori bieomes more systematie, but s/he 
still does not differentiate between FORWARD/BACK and RIGHT/LEFT 
eommandi. 

Fi^amplesi 

1.2.1 One simple regularity oonsiits of reducing all Inputi to relatively tmall 
numbers (tay under 100) in hopes of avoiding "OUT OF BOUNDS" messages, 

1«2,2 Another undifferentiated regularity eonilsts of using multiplei of ten as 
inputSp apparently reflecting the observation by tht student that small ehangtt In 
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D^BiS with Squares 



inpuls to FORWARD (and to RIGHT and LEFT In eases whert pelygons art not 
involved) produce very small effects. At tNs stage sofM studmts reptattdly use 
a few key "round nurabtr8re.g., 30, 50, SO or 100, for Inputs to ^ turtle 
comtnands. 

1-3 Dif ferenttatlgn Between Linear afKi Angulaf Inputs 

The studerit differentiates between linear and ar^ar usts of mmbers. Typically 
this Involves at first the discovery that certain "spalal angles" predwe uniquely 
desirable effects. Eventually the student clearly dfferwtlales between the two 
by dropping the use of the "speclil angle" numbertt 90, 120, 180, etc. as inputs 
to FORWARD (except In certain isolate particular Instances). Some students 
develop a less ilgnlflcant set of ^spedal Inputs to Fa?WARD"s 100, 200, etc 
that are not usually used as inputs to RIGHT a^ LEFT. 

EKAMPLESi 

1.3,1 The student discovers the sigraflcance of 90 degrees as an Input to RIGHT 
and LEFT commands. A typical student project is the construction of a square or 
rectangle, using 90 degree rotations. (At this point some students still show a 
blurred differentiation between linear and angular Inputs. Many students draw 
their first squares by typing FORWARD 90, WGHT SO, FORWARD 90, „.) 




Figure 1.19 



1.3.2 A student uses squares and rectangles to make a variety of designs. 
Student procedures WINDOW, CHAMP, DOUBLECHAMP and CULL are good 
examples of this type of desigm 
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WINDOW 
Figure 1.20 



CHAMP 
Figure 1.21 



DOUBLECHAMP 
Figure 1.23 
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CULL 

Figure 1.23 . ,i 

-1;3.3 A stud«rtrus«i RIGHT ISO or LEFT 180 to revtrse th@ TURTLE'S directlen. 

, . • . . . . . " ■ .■ ■ r\ ■ \ ■ 

1.3.4 The student finds rotBtlons tliat produce simplfr clsied shapes when 
repeatedly rdtatini a figupe. Repettlng RCIRCLE, RIGHT 60, for ex^ ^1 
produeei a shape that closis after six ripetitionsi RCIRCLE, RIGHT 45 eloses § 
after eight rtpetltions. 



Figure 1.24 



Figure 1.25 



1.3.5 The student uses combinations of 45 and 90 degree rolatlons, or a series 
of 120 degrea rotations to draw a triangle. 



RIGHT 45 
FORWARD 100 
RIGHT 90 
FORWARD 100 
RIGHT 45 
RIGHT SO 
FORWARD 141 




or, 

FORWARD 100 
RIGHT 120 
FORWARD 100 
RIGHT 120 
FORWARD 100 

Figure 1.27 

t.3.6 A student makes use of "special anglts" when carrying out planned designs 




■m 



TutftfeGfedmetry' 



Othsf ^teeelal" Aneles 



involyjni non-right-an^es. Fqf txample» the "noit con*" of a "roeket" is drawn 
by making u» of rotatloni ef 3^^^ 



FORWARD 100 
RIGHT 30 
FORWARD 20 
RIGHT 1 20 
FORWARD 20 
RIGHT 30 
FORWARD 100 
RIGHT 90 
FORWARD 20 



Figure 1.2S 



1.3.7 A stLKf#iTt finds "ipeclaL anilts" traeful for drawing reiufw polygons or 
stars. Using eltlier a POLY procedure or a ssquence of related commands, tlie 
student finds tlie angles which will draw a heMigort (60 degree8>j an octagon (45 
degrees), a five pointed star (144^gr^^^^ 






POLY 50 60 
Fifure 1.29 



PaY5045 
Figure 1.30 



POLY 50 144 
Figure 1.31 
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2. Quantitative Structuring of the "Number Worlds'* 



Many students b0gin LOGO with a very pooK ability to estimatm the relative 
effect of numbers. Splitting the "world of numbers'' into 'Ungth numbers'' 
and "angle numbars" provides a qualitative structure for that world. ' 
EsVmatirig the practical effects of particular numbers provides a Quantitative 
. structure. We have observed that most students find it easier to make 
estimates involving linear numbers than estimates involving angular nurtiber^. 
r/je same holds true for'other op0rations with these nurnberSf i^^^^ 
discussed in section 4 below. This may he due both to a greater ease of 
visual comparison of linear magnitudes and to the discontinuous effects of 
angular numbers. 

BEHAVIORS OBSERVEDi 

£.1 Becoming Aware of Limiting Factors 

A student's first quantiative structurini of numbers often occurs when he or she 
becomes aware of certain limiting factors and realiies that' certain numbers are 
too small or too large to be of practical efftct in most applications. 

EXAMPLES^ 

24,1 Lack of Appreciation of "Orders of Magnitude'* 

The student discovers that very small inputs to FORWARD/BACK and RIGHT/LEFT 
produce negligible effects, and shifts to Inputs larger than 10 for most FORWARD 
and RIGHT commands. For a student who has llttie sense of relative rn^gnitude of 
numbers, this step may be far from obvious, and may require a great deal of . 
experimentation. Peboroh's first LOGO command was FORWARD 1 0. When she 
realized that the effect was so tiny as to be almost invisible, her friends urged 
her to "try a larger number". She rBSponded by typing; FORWARD 1 2. At this 
point she had no sense how miJch larger a number had to be to produce an 
appreciably different effect. (We have found this type of bahavior to be more 
generally prevalent when much youngir children (ages 6-9) are introdueed to 
LOGO.) 

2.1.2 Coping with "OUT OF BOUNDS" errors 

The student discovers that large inputs to FORWARD and BACK may resuU In 
"OUT OF BOUNDS" error messages. S/he attempts to predict how large a number 
can be used as an input without producing an "OUT OF BOUNDS" message. 



Eventually s/he is able to create deaiins that remiln "in- bounds" by limiting the 
size of inputs to FORWARD commands. 

a. 1.3 The Largest Possible Inputs to LOSO Commands 

The, student discovers upper limits to Inputs for RIGHT/LEFT and SPIN comands. 
In this case, the limits do not correspond to^iieally observable criteria such as 
a distance on the display screen, but art based on ^bltrary" limits imposed by 
th© designers of the computer language. Students often find these limits by a 
process of trial and error. 

,■ ■ ■ . " ■ " ■ . ■ ■ , . , . , , . . , ... ... ■, . ( . . 

2. Ii4 Finding that i360^ is the Larggst Meaningful Rotation 

The student discovers that inputs to RIGHT and LIFT turn the TURTLE mori than 
once around. This is a relatively early discovery for studsntl usirtf a "floor 
TURTLE" a$ it can be clearly observed that a rotation larger than 3S0 digues 
turns the TURTLE more than once around, it Is more difficult to discover witii the 
"TV TURTLE," because the TURTLE moves instantly to Its new position without 
visibly rotating. 

2.2 Estimating Distances 

The student develops strategies for estimating the number of TURTLE steps 
needed to move the turtle to a particular point on the screen. The estimate can 
be refined by an approach involving successive approxlmatlens. 

EXAMPLESs 

2.2.1 Predicting Large Scale Effects. 

A student begins to be able to predict with some degree of accuracy the effect 
of particular inputs to FORWARD such as FORWARD BO or FORWARD 100. 

2.2.2 Finding Precise Distances by Successive Approximations 

A student moves the turtle to a particular location, by using a trial and error 
approBclv. For example, Kevin constructed a ri'ght Isoceles Irlanile, each of whose 
equal isides was 100 turtle steps. To complete the hypotenuse, he used the 
fpllowing sequence of ciommafids! FORWARD 100 (too small), FORWARD BO (too 
big), SACK 5 (still to big) and BACK B (seemed just rlgh^^ 



FORWARD 100 
ngure 2.1 



, FORWARD 50 
Figure 2.a 





BACK 5 
Figure 2.3 



BACK 5 

Figur© 2.4 



A student may also use a mtthod of succeislvi approKimationi to find the 
distance from the center, to the edge of the screeK The followinf sequence of 
commands is a typical one. Starting with the TURTLE in the center of the screen, 
a student might type: 

? FORWARD 15 0 

''FORWARD 100 • . 

OUT OF BOUNDS 

? F0RWARD 50 ■ . 

7F0RWARD50 
OUT OF BOUISIDS 
?FORWARD 20 

OUT OF BOUNDS . 

7F0RWARD 1 . 

OUT OF BOUNDS \ ' 

Since the studeht can not use an input loWer than 1, t/he rMlizet that tht 
TURTLE is now situated at the edge of the screen. By addini iril the tteiM tM^ 
did not result in an OUT OF BOUNDS message ( the steps uriderHried abova) . the 
student concludes that the distance from the center to the top of the screen Is 



H2 



150 + 50, or 200 TURUrstep^ 
2.3 Estimating Rotatisns 

The student devtlopi strategies fer estlrhatinR the amount of rotation necessary 
to aim the TURTLE in a particular direction. The estimate can be refined by a 
method invbiving syccessive approM'mations, 

EXAMPLESs 

2.3.1 Estimating Rotations Lets than 90 Degrees 

A student estimates rotations of less than SO degrees with an accuracy of + 10 * 
degrees. Trial and error tecHnlques can be used to refine the tistimaie. A 
student may want to aim the TURTLE towards the upper right lia^ 
screen. S/he might choose to turn the TURTLE RIGHT 50, knowing that it H^^ 
be less ijMn 90 degrees. By moving the TURTLE forWand, the student can see 
how accurate the estimate was. 

2.3.2 Estimating {Rotations Greater Than 30 Degr^ 

A itudent estimates rotations of more than 90 degrtet bV firat turning tii«|i 
TURTLE through a rotation of 90 degrees and than estimiating hoy^ mw^^^ 
rotation Is necessary. For eKample, a student constructing a right Isocelet 
triangle who has reached the end of the second equal leg might try the sequence 
of rotations shown below. Since It might be difficult for the student to see when 
the TURTLE is aimed In eKactly the right directior^ these steps may be combined 
with some FORWARD commands, In order to see e>cactiy how close to the correct 
ending point the TURTLE will come. 
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Drawing a Right THanele 





LEFT 10 
(still too large) 
Flgura 2 J 

2.3.3 Estimating Repeated Rotations by Trial and Error 



RIGHT 5 
(just right) 
Fi|ura 2.9 



A student develops a trial and error strategy for estimating aj repeated rotation. 
Consider the process of conslructmi an equilateral triangle. ^ The student must 
first realize that the same FORWARD and RIGHT steps have to be repeated Ihree 
times. The following sequence of attempts Is a typical one for solving this 
problem: 



1. 

FORWARD 100 
RIGHT 100 
FORWARD 100 
RIGHT 100 
FORWARD 100: 



2. 

FORWARD 100 
RIGHT 150 
FORWARD 100 
RIGHT 150 
FORWARD 100: 




rotation too small 
Figure 2.10 




rotatiqn too big 
Figure 2.11 
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5. 18 Drawini an Eqjilateral Triangle 



m 



■3..: ' 

FORWARD 100 
RIGHT 123 
FORWARD 100 
RIGHT 125 
FORWARD 100 




Btill 
Figura 2.12 




FORWARD 100 
RIGKT 12Q 
FORWARD 100 
RIGHT 120 
FORWARD 100 



juitrii^it! 
:■; FIgurt 2,13' 

it should be noted that some students using this method m^ i^eeide thaii^ 

119 or RIGHT 121 Is the correct solution to their prbWani U^ 

TURTLE and carefully examine the reiulting figure, the differences betw^ 

a "solution" and the correct rotation of 120 degrees may not be apparent to 

them. 





w 
m 



REPEAT [FORWARD 100 RIGHT 121] 3 
(lines appear to matt aKaetly) 
FIgurt 2,14 



HIDiTURTLE 
(lirves overlap illghtly) 
Figure 2,15 



The difftrance beaomei significant when a student wants to repeat the figurei or 
relate it to other figures (to conitruct a 
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3- The Group PropBrttes of the Number Worlds: The Structuring of 
Mathematical Operations. 



Pi'eget has demonstrated the significance of the way In which children 
develop Intellectual structures to deal with mathematical operations. The 
most significant of these operations have beeri described by Piaget as 
"composition" (e.g. the additive property of numbers) and Inversion^ (e.g. 
formation of the inverse or negative of an operation). In the LOGO 
environment we can observe the development (or lack of development) of 
these intellectual structures In the following ways: 

— The use of "comppsitlon" Is seen In the ways that students combine 
or aggregate TURTLE commands so that two commands, FORWARD SO, 
FORWARD SO, may be combined as FORWARD 100. Angular rotations 
^ caij be similarly aggregated. 

—The use of "inversion" is seen in the ways that students are able to 
use BACK as an inverse to FORWARD and LEFT as an inverse to RIGHTi 

—The combination of these operations Is seen when students aggregate 
a series of commands such as FORWARD 100 BACK 30 FORWARD 10 
into ona command, FORWARD 80, or a similar series with respect to 
rotation, LEFT SO RIGHT 20 LEFT 10, Into LEFT 80 (11 is our finding that 
that students tend to combine these operations mere readily with linear 
numbers than with angular numbersh 

-^-The use of invermn is particularly powerful in project$ involving SPIN 
commands 

—The use by students of the particular properties of the "rotational 
group" — Its modularity with respect to 360 degrees. 

Among our sample of sixteen sixth grade students, we have observed a wide 
variety of behaviors with respect to these operationsi from students who never 
made use of composition and inversion, to siudenta who use them inconsistently 
and tentatively, to students who learned /a use them within certain limited 
contexts, to students who used them "automatically" and regularly as part of their 
LOGO work. We believe that this particular set of behaviors provides an 
unuMually good "window" through which we can view an important aspect of th9 
children's cognitive development, 

, ft 

Instances of this kind of behavior can often be seen by an examination of a 
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Frilufe to Combine Steps 



siudent*$ dribble film. Typically a §tudBnV$ 9Mplot§tory work en a project 
fric!ude$nmy$tepg beemblrmddafatw'^ntfOrM 
sa umpQoasary By taking nots of Just how raadSfy ttia tti^ant eombinea or 
elmnataa thmse step^ and wo tm^t a ^mJ sansm of 

thm student's use of mathamaticai ^Bratlons, 

BEHAVIORS OBSERVEDi ' 

3.1 Students Who do M ot Mike Use of Operatient 

Many students do not easily arrive at the strata of simplityinf their work by 
combining several eommands Into one. 

EXAMPLESi 

3.1.1. Failure to Combine Steps 

A student will determine by trial and error that the final leg of a right Isoeeles 
triangle can be built by a series of FORWARD steps: FORWARD 100 FORWARD 
40 FORWARD 1. (See example 2.2.2 above),. When writing a procedure to draw 
this triangle^ the student would inclixla three separate steps to draw the final 
Hnei 



TO TRI 
1 RIGHT 45 
• 2 FORWARD 100 

3 RIGHT 90 

4 FORWARO 100 

5 RIGHT 90 

6 RIGHT 45 

7 FORWARD 100 

8 FORWARD 40 

9 FORWARD 1 
END 



3.1.2 The Example of Deborah 

The studenl who exhibited this type of bahavior most consistently was Deborah. 
Although she carried out a number of projects In Turtle Geometry she was never 
observed to combine steps. If she was pleased with an exploration, ahe always 
copied all her original st sps exactly as she had first used them. Thus illhoufh 
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Partial Use of Operations 



she stemed to underBtand that two turns of RIGHT 90 and RIGHT SO were always 
needed, to "turn the TURTLE iround," she never combined these In one step as 
RIGHT 180. Similarly, when she made a mistake, turning LIFT 90, where she 
needed a right turn, she would correct it by turnini the TURTLE RIGHT 90 to 
r» bring It back to Its original position, and then turning it an additional RIGHT 90 to 
achieve the desired direction. While this showed a limited ability to use the 
inverse operation with regard to angles, It should be noted that Deborah always 
copied this series of steps as LEFT 90, RIGHT 90, RIGHT 90, rather than as simply 
RIGHT 90. 

Students who, like Deborah, had a limited strategy of copying all e)<perimental 
steps literally, sometimes had fewer bugs than students who attempted to 
combine steps and made arithmetical or copying errors. 

3.2 Transitional Phase — Incomplete and Inconsistent Uses of Operations. 

Students usually begin combining forward steps before combining rotations 
(sometimes a good deal before). At first, they may be inconsistent, combining in 
some cases and not in others. They begin the use of inversion by reallzlrig that a 
forward step can be reversed by an equal BACK step and that a RIGHT turn can 
be reversed by an equal LEFT turn. It Is somewhat later that students are 
consistently able to combine FORWARD and BACK steps by subtracting the BACK 
from the FORWARD inputs. Many students never achieve the further step of 
combining RIGHTs and LEFTs, by subtracting one from the other;: 

EXAMPLES: . j 

3.2.1 Combining FORWARD Steps but f^ot Rotational Steps 

An example of partial use of composition is siien in Kevin's construction of a right 
Isoceles triangle, described above (section 2,2,2). Compare Kevin's initial steps 
with his final procedure! 
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Kevin's Ten Original Steps 



Kevin*! Procedure (Seven Stepsh 



RIGHT 45 
Fdft WARD 10b 
RIGHT 90 

Forward 100 



TO OF 

1 rig; rr 45 

2 FORWARD 100 
3,RiGHT90 

4 FORWARD 100 

5 RIGHt 90 
B RIGHT 45 

7 FORWARD 140 
END 



FORWARb 100 
FORWARD 50 



RIGHT 90 
RIGHT 45 




BACK 5 
BACK 5 



Figure 3.2 



Kffvin easjiy combined four FORWARD arid BACK steps In one FORWARD step, 
making use of both composition and Inversion, but at this point he did not combine 
rotational steps at ail. 

3.2.2 Jlmmy^s Boat 

A more complex exampje of Inconsistent use of composlUon and inversion Is 
shown by Jimmy's first project in which he drew the BODY ©f a boat. First he 
drew the boat by a series of exploratory steps, arrived at by a process Involving 
a good deal of trial and error. Compare the original steps as wrlttan in Jimmy's 
notebook with his procedure: 
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Jimmy's 22 Original Steps: 
LEFT 90 
FORWARD 60 
RIGHT 40 
FORWARD 20 
RIGHT 140 
PENUP 

FORWARD 70 
BACK 70 
PENDOWN 
FORWARD 70 
FORWARD 10 
RIGHT 92 

RIGHT 2 I B 

RIGHT 4 
FORWARD 10 
FORWARD 4 
RIGHT ISO 
FORWARD 14 
RIGHT 89 
LEFT 178 
FORWARD 20 
LEFT 10 



's 15 Step Prdcedure: 
TO BODY 

1 LEFT 90 

2 FORWARD 60 

3 RIGHT 40 

4 FORWARD 20 

5 RIGHT 140 _ A (renwvad} 

6 FORWARD 70 

7 FORWARD 10 

8 RIGHT 96 

9 FORWARD 14 
lORldHT 180 

11 FORWARD 14 

12 RIGHT 89 

13 LEFT 178 

14 FORWARD 20 

15 LEFT 10 



C 



Figure 3.3 



Jimmy made use of both composition and Inversion in reduciR|Mhi8 original list of 
22 steps to a procedure of 15 steps. When he used composition in reducing the 
group of steps labelled B, RIGHT 92, RIGHT 2, RIGHT 4, to the single step, RIGHT 
96, Jimmy made a small arithmetical error. When Jimmy combined the stept 
listed as group A, he made use of inverBion to realize that he could ellmmBte the 
steps PENUP, FORWARD 70, BACK.70, PENDOWN, but he did not combine the 
step, FORWARD 70, with the next [step, FORWARD 10. On the other hand, ha did 
combine the steps (labeled C), FORWARD 10, FORWARD 4, replacing them with 
FORWARD 14. • 

What Jimmy did with the steps labeled D, RIGHT 89, LEFT 1 78, is typical of many 
students at this stage. While working, he realized that he had turned the wrong 
direction when he typed RIGHT 89. In his head he calculated that to compensate 
for this he would need to turn LEFT 8a twice, for a total turn of LEFT 178, which 
he used. He did not take the next possible step and replace his two steps by 
one, LEFT B9. 



<!.> 
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3.2.3 Dealing With Copying Bugs. 

A common difficulty exWbited by studtnts who art it this transition*! stsge Is 
problems with copying combined with faulty •rlthroetlc. We hava seen an 
example above, where Jimmy combined RIGHT 92 RIGHT 2 RIGHT 4 as RIGHT 96. 
In this case the results were Inconsequential. Often, however, slnHlar situations 
have caused rather confusing bup. 

Laura usually had difficulty predicting whether to turn the TURTLE to the right or 
left. Once she made a choice, however, she could easily reverse it. If she 
mistakenly typed RIGHT 90, for example, she would then follow it by typing LEFT 
90, LEFT 90. This might occur several times within one short project. When 
Laura copied the steps over Into her notebook she slff^lfied by writing LEFT 90, 
eliminating the "uwreded steps," RIGHT 90, LEFT 90 Unfortunately, she often 
made mistakes in copying, and since she had many opportunltiBs for such errors, 
extremely puzzling bugs sometimes occured In her final proceAres. SIrwe the 
original steps had been erased from the text display screen, and since her 
notebook reflected only her "simplified'* version, she had no easy way of 
debugiing her procedure, other than starting all over again. 

Deborah's approach of copying aN steps could have been very useful to Laura. 
Since Laura was eonceptually far beyond Deborah and since Laura was extremely 
reluctant to do "extra work", she persisted in her scheme of eliminating 
"unneccessary" steps as she copied. Laura tended to "explain" bugs that arose In 
this way as inconsistencies of the computer. 

3.3 Consistent Use of Mathematical Operations. 

Some students came to Incorporate these operations Into their work quite simply 
and easily. Although errors might occasslonally be made in arithmetic or copying, 
it usually became quite clear when a student understood these ideas with no 
difficulty. 

EKAMPLES: 

3.3. 1 A simple example can be taken from Gary's work. The following sequence 
of stataments occured In his dribble file^ 

RIGHT 99 
99 + 99 

YOU DON'T SAY WHAT TO DO WITH 198 
LEFT 198 "151 
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Later, when Gary incorporated this as part of a procedure, he simply replaced 
these steps by LEFT 99. Gary had turned the TURTLE in the vj^rong direction and 
wantbd to both undo the wrong turn and make the correct tui|n in one combined 
step. He used the computer to carry out the necessary arithmetic and then typed 
the correct command. When copying these steps over, he remembered .the 
process, and without further ado, used only the correct stup, LEFT 99, in his 
procedure. Compare this with Jimmy, who kept tho two steps RIGHT 89 LEFT 
1 78, as part of his procedure; or with Laura's regular ccnfusion in copying. 

3.3.2 Sophisticated Uses of Inversion 



rtri example pf a more sophisticated use of inversion is the process of moving the 
TURTLE over without changing its orientation. In this case the LEFT/R.GHT 
mverslon Is separated by one or more intervening steps. This is necessary when 
the student wants to repeat a figure two or more times; for example, three 
houses could be drawn by the procedure HOUSES, with its subprocedures HOUSE 
andMOVEOVER; 



TO HOUSES 
10 HOUSE 
20 MOVEOVER 
30 HOUSE 
|40 MOVEOVER 
'so HOUSE 
END 



TO MOVEOVER 

10 PENUP 

20 RIGHT 90 

30 FORWARD 120 

40 LEFT 90 

50 PENDOWN 

END 







Figure 3.4 
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yiing Inversion 



As part of his STARSHIP project, GARY create Iwe pr^^uret like MOVEOVER, 
MO and MOV, each the inverse of the othen 



3.4 The U^fc of Inverse SPINs 

Another example of the use of operations aecurs In projacts Involving the SPIN 
command SPIN, followed by a number (e.i. SPIN 100) causes the TURTLE to spin 
at a fixed rate In the ciMkwise directioa Once the TURTLE is spinning it will 
remain spmning about its original center of spin. Any eddltlonal non-spin 
commands will be carried out so as to maintain the rate of spin of the entire 
design. SPIN commands allow the usual operations of composition ard Inversion, 
Additional SPIN commands result In increased or decreased rate of spin in an 
additive manner. If the sum of a series of SPINs is negative, the TURTLE will spin 
in a counter clockwise direction. If the sum Is lero the TURTLE will stop spinning. 
The Inverse, of a SPIN command Is that same command with a negativ|i Input 

To understand how this works, consider the command SPIN 100 FORWARD 100. 
This will cause the TURTLE to draw a line of length 100, spinning about the origin. 
Any nther commands or procedures added at that point will also be tpinnlni wilh 
the original line. 



TO MO 

10 RIGHT 90 

20 FORWARD 100 

30 LEFT 90 

END 



TO MOV 

10 LEFT 90 

20 FORWARD 100 

30 RIGHT 90 

END 



f 



Figura 3.5 



153 



3.4.1 A Car With Spinning Wheels 



In one of his projects, Dennis drew a car with spinning wheels. This mBant that 
he had to make a circle which would spin about Its own center, then return the 
TURTLE to the center of the circle and make it stop spinning so that the (non- 
spinning) TURTLE could be moved over to draw the rest of the car. His 
procedure, WHEEL, made use of inversion with respect to distances, angles and 
spins: 

TO WHEEL 
10 SPIN 100 
20 PENUP FORWARD 40 
30 RIGHT 90 PENDOWN 
40 RCIRCLE 40 
50 LEFT 90 PENUP 
60 BACK 40 
70 SPIN -100 
END 

Flgwe 3,6 

This procedure leaves the TURTLE, unmoving. In the center of a spinning circle. 

3.4.2 A "ferrls wheel" design makes use of positive and negative SPINs. After 
typing SPIN 100, FORWARD 100 the student types SPIN -100. This leayes the 
TURTLE facing straight up at all times (a total spin of zero) while moving around 
at the end of a spinning line. Adding a "car" which hangs vertically makes one arm 
of a "ferris wheel". Adding seven more "cars" each separated by 45 degrees 
results in a simulation of the motion of a ferris wheel. 
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Figtf • 3.7 



3.4.3 A Cowboy's "Lasso" 



^"r-Ll- ®? V * '■el^' ^"^^ ^**"» »" Chapter S of Pari III) requlrnd 
fairly sophis icated use of mverslon mvelving eomblnallont of angles, distawet 
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LASSO 



Fliure 3.8 

3.5 The use by students of the 360 degree modularity of the rotational 
group. 

The group of rotational numbers lias a unique property which distingulshe$ It 
ftom a linear number system — Its modularity with respect to a "complete 
rotation" of 360 degrees, This has some interesting consequences as far as 
both comppsitlon and inversion are concerned. With regard to composition, It 
has the effect that as rotations are combined, the total rotation increases 
until It Is 360 degrees. Beyond 360 degrees, the orientation of the TURTLE 
is the same as if It had been turned 360 degrees less. For example two 
rotations of RIGHT 90 turn the TURTLE twice as far as one RIGHT 90. Adding 
another RIGHT 90 turns the TURTLE three times a far as one RIGHT 90, 
Adding a fourth RIGHT 90 however produces no net effect at all! A fifth 
RIGHT 90 has the same effect as one RIGHT 90, and so on. 

With regard to Inversion, this modularity means that particular steps can 
have more than one inverse. The inverse of RIGHT 90 Is LEFT 90. It is also 
RIGHT 270, or LEFT 450. Two steps that are conceptually quite different, for 
example, turning the TURTLE RIGHT 270 and turning the TURTLE LEFT 9^ 
can have exactly the same effect 



One would expect that some students would take a long time to become 



aware of thmse propmrVBs, and evmn f^er to msfce uss of then Deborah 
for instance, was never aware that the sme effect could be obtained by one 
LEFT 90 as by three RIGHT 50a ^ly, at the other extreme cmMd make use 
of the equivalenee of the two with kas^ whenver it was useful to do so. 

We will not ascuss specific behayior$ here, as most of them belong not to 
the realm of composition and inversion as discussed in the aeetio^ but rtmre 
properiy to student use of cooranate ^sterns, ^missed in Section S, and on 
student use of theorems and hwriitl^ tMsamed in Section 6 below. 
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^' The UsB of Turtle Coordmates The Beginnings of Differential Geometry. 

When we discuss the use of Turtle Coordinates, wn mean the understanding 
that the specific consequences of one particular TURTLE actiory dependent 
on a specific position and heading, can be used to predict a more distant 
effect, achieved by a sequence of such actions. This involves the 
extrapolation of an immediate effect, into a global conset,uerKe, and is an 
important example of mathematical reasoning. The most common examples of 
this are the construction of a tOGO circle," changing the rate of curvature of 
a circle, and the extensions of a circle — the POLY and POLYSPI procedures. 
These activities can help a student develop an intuitive feeling for 
differential geometry^ laying the foufidetion for an entirely new computational 
approach to the subject of calculus*. ^ 

BEHAVIORS OBSERVED 

4.1 The Construction of a "LOGO circle." 

Many students who have been introduced to the LOGO TURTLE, and to its 
basic commands (FORWARD, BACK, RIGHT and LEFT) find themselves asking, 
"Can the TURTLE draw a circle?" 

A teacher's response to this is usually to suggest that the student "play 
TURTLE:" get up and walk in a circle, and try to make a description of what 
s/he is doing. Some students spontaneously describe their behavfors as 
"keep going forward a little and turning a little." These students may then 
be able to immediately translate this description to a series of TURTLE 
commands: FORWARD 1, RIGHT 1, FORWARD 1, RIGHT 1, ... or FORWARD 5, 
RIGHT 5, FORWARD S, RIGHT 5, ... Repeating such a series of commands, 360 
and 72 times, respectively, will produce a many sided polygon that is visually 
indistinguishable from a circle. 

*$ee Abelson and diSessa, Turtle Geometry, MIT Press. To be 
published in 1 980. 
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Other students have more difficulty separating the "forward" and "turn" 
. aspects of walking In a circle. This may be because they move forward and 
turn at the same time when they walk In a cirele. If the teacher reminds the 
student that s/he has to try to 'be the TURTLE" which can only "do one thing 
at a time," the student Is usually able to reco0ze that forwvd and turn 
have to be used alternatively by the TURTLL Some sti^ents still do not 
realize that the Inputs to FORWARD and RIGHT must be um'fom In order to 
achieve a circle. Often some direct experimentation with the screen TURTLE 
Is necessary before students realize that the TURTLE steps thai are 
repeated must be small and uniform, In order to produce a a'rele. 

For many students, their work in drawing a LOGO circle Is also their first 
contact with writing "patterned" procedures — precedes that make use of 
a REPEA T command, looping or recursion. Learnings in this area are 
described In Chapter 4, Section 6 of this report 

EXAMPLES 

4.1.1 Circles of Different Curvature 

Most students draw their first circle by using the same input for both FORWARD 
and RIGHT commands. It is not until they wish to vary the size of the ci''e|e, that 
students begin to realife that ths forward and turn inputs can be different and 
still produce a circle. Topically, a student will try to increase the size of a circle 
by increasing both inputs the same amourtt. Surprisingly, FORWARD 2, RIGHT 2... 
FORWARD 1, RIGHT 1, and even FORWARD 10, RIGHT 10, draw almost Identical 
circles. 




ERIC 



Figure 41 

It is only when a student can saparati tlie efftcts of the FORWARD and RIGHT 
cammandi that i/ht can ehange the %m of the circle. 

Darlane's first succesiful circle used different inputs far FORWARD and RIGHTi 
RIGHT 2, FORWARD 3, When sht wanted to make i smaller circle she triMi 
reducing the inputi to RIGHT 1, FORWARD 2, This drew a larier circle. Sht then 
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'® B^£"^ 3, FORWARD 2, which was smaller than her orlginil. Her next circle 
as RIGHT 3, FORWARD 3, which was larger than the previous ene, but smaller 
lan her first circle. RIGHT 4, FORWARD % produced the smallest circle of all. In 
IIS way Darlene was gradually able to control the curvature of her circles 




•^'^""^^•^ Fliure46 
RIGHT 3 FORWARD 3 RIGHT 4 FORWARD 2 
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4.2 the Itee of POLY Proc^urst, 

Tha POLY proe#dur# oUetB ttudtntf thd 0pportunfty to exptrimdnt with 

curvatw'a: 

TO POLY ^SEE lAfmJg 
10 FORWARD iSEE 
20 RIGKr fANGLE 
30 POLY :SIZE sANGLE 
END 

POLY prQcedures allow a studtnt to eoratruct mmy Mimml sh^ios makirtg use 
of repttition of a fixad dstamo mi twfL TMt Mmt9 th# itudent to axparimant 
mora easily with tha gfobal affrats of loed ebimgas arKi to axparienoe tha effaets 
of changing ""curvatura**. AipMtf of stiidant work wth ^.Y proeechrai are alto 
discussad in Saetlonf Ip 3.1^ and S.4 of tN§ ehsptafp and in Saottm 6 of chaptar 4^ 
which dascfibas stu^nt ba!^or$ In lairnir^ to writa "pattam^ proeadiras, 

43 Extansions of POLY 

proeaduras which incramtnt tha ^itanca w an^a variablas in a PCM.Y proeadira, 
provida a furthar opportunity for inveitigation of tha global affaets of local 
actions. Considar tha affaets of a precaAre cdM POLYOTi 

TO POLYSPl iSIDE lANGLE ilNCREMEm^ 
j 10 FORWARD iSIDE 
20 RIGHT :ANGLE 

30 POLYSPl ^SIDE + :ilCREMENT lANGLE INCREMENT 
END 

POLYSPl producas continuouf changes In cirvaturaf as tha iiza of tha FORWARD 
step Incraiises or dacraasas uniformly, Triis is similar to tha continuous affect of 
small changsi in a FORWARD stop discussad in Saction 1» at^ve* 
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POLYSP 10 45 1 POLYSPS 10 45 5 

Figure 4.7 Figure 4.S 



Another procedure, called INSPI, produces dlscontlnuoui changep.in curvature, by 
uniformly increasing or decreasing the angle variable. This is similar to the 
diseontlnuous effects of making a small ehanie In a rotationai step, dIsciMsed 
above in Section 1. 

TO INSPI iSIDE sANGLE ilNCREMENT 
10 FORWARD :SIDE 
20 RIGHT lANGLE 

30 INPPI iSIDE :Ai\IGLE+ :INCREMENT ^INCREMENT 

£iMD 
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'5- The Use of Coordinate Syste.nn; the G'ab s! Srud ure of the Gecmttirle 
World. . — — ^ - — — 



Students working In tha area of Turtle Geometry beff'n by beeeming aware ef 
the local geometry of the TURTLE. It is neee$sary for them to take into 
acount the TURTLES position and heading in order to accomplish even the 
simplest tasks. Through their work on specific p'^yects, they came to make 
use of — sometimos even invent — global structures of their r ' / They can 
use these structures to solve problema that require that take into- 
acaount aspects of geometry other than the turtle's immediate position and 
heading. In this section we describe student behaviors that reiate to 
structures that can be used io organize two dimensional space.- Turtle 
Coordinates, domain specific eoordinate systems, standard esrtesian 
coordinates, and various types of polar or ai^ar coer^natms. 

5.1 Drawing a "Bear" Usini Three Different Coo rdina'fo fiysXemn 



As an example of the way in which the seme LOGO project could be carried 
out utilizing different coordinate systems, consider tNs cartoon drawing of 
the head of a 'bear": 



The project could be carried out without any use of coordinate systems, by 
simply moving the turtle to each location where a circle is to be drawn, and 
using the command feCIRCLE, with the appropriate input to draw circles of 
different radii. Without some advance planning, however, the result is likely 
to lack the symmetry of the original plan. Albert's procedure, KEITH and 
Laura's procedure, FACE, were carried out without benefit of any coordinata 
system, and are typical of this type of effort. 




Figure 5.1 
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Figure 5.2 Figure 5.3 

Tocreateasymmtriceif''bear'ltw 
procedure which simied &0m iti^ m^^ 

RCIRCLE and LCIRCLEMIch am Such 
I a procedure can be defined as MIowB: 

TO CIRCLE ^RADIUS 

10 PENUP FORWARD iRADIUS 

20 RIGHT 90 PENDOWN 

30 RCIRCLE .-RADIUS 

40 LEFT 90 PENUP 

50 BACK iRADIUS 

END 

5.1.1 Drawing the Bear with Domain Specific or Intrinsic Coordinates 

Intrinsic coordinates are coordinates developed for a particular figure, and 
Involve developing a structure which allows the TURTLE to move around the 
figure itself, as part of the process of constructing it. In order to use 
intrinsic coordinates for this project, a student would require an are 
procedure, ARCR ^RADIUS lANGLE, whose two t^^^ 
and the angle of the arc. This procedure all^^^ 

point to point along a particular circle, father than to trv to move thm 
TURTLE directly to the desired point In figure S.4, the command f^^^ 100 
120 allows the TURTLE to move along the are from A to B, rather than 

..^ „,,, .. 
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straight across the circle. 




TO BEARl 
10 OUTSIDE 1 
20 INSIDE! 
END 



TO OUTSIDE 1 
10 CIRCLE 100 
20 EARS! 
END 



TO EARSl 
10 LEFT 60 

20 PENUP FORWARD 100 PENDOWN 
30 CIRCLE 20 RIGHT 90 
40ARCR100 120 
50 CIRCLE 20 
60 LEFT 90 

70 PENUP BACK 100 PENDOWN 

80 LEFT 60 

END 



FIgur© 5.4 

TO INSIDE 1 
10 CIRCLE 10 

20 PENUP BACK 50 PENDOWN 
30 CIRCLE 10 
40 LEFT 90 

50 PENUP ARCR 50 120 PENDOWN 
60 CIRCLE 10 

70 ARCR 50 120 PENDOWN 
80 CIRCLE 10 
90 PENUP ARCR 50 120 
100 RIGHT 90 

1 10 FORWARD 50 PENDOWN 
END 



iGe 




BEARl ; 

Figure 5.8 

5.1.2 Drawmg the Bear UsinE Polar Coordinates; 

Polar coordinates mvolve loctting polntt using dlst§nee$ from a common 
center, and angles mMsured from a common (vertical) reference line. It 
would be a simple matter to draw the bear using polar mordlnates making 
use of two commu^s, PLACE and REPLACE, wNch plaee tfie TURTLE with 
reference to the center of a circle and return It to the. center. 



1C7 
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TO PLACE {RADIUS .-ANGLE 

lOPENUP 

20; RIGHT :ANGLE 

30 FORWARD {RADIUS 

40 PENDOWN 

END 



and 

TO REPLACE {RADIUS :ANGLE 

16 PENUP 

20 BACK {RADIUS 

30 LEFT {ANGLE 

40 PENDOWN 

END 



jangle / 

I 



7/ 



Figure i.9 



angle 
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Figwe 5.10 



T0BEAR2 
10 0UTSIDE2 
20 INSIDE2 
END 

TO N0SE2 
10 CIRCLE 10 
END 



TO 0UTSIDE2 
10 CIRCLE 100 
20 EARS2 
END 



TO INSIDE 
10EYES2 
20 N0SE2 
30 M0UTH2 
END 



TO EARS2 

10 PLACE 100 (-60) 

20 CIRCLE 20 

30 REPLACE 100 (-60) 

40 PLACE 100 SO 

50 CIRCLE 20 

60 REPLACE 100 60 

END 



TO EYES2 

10 PLACE 50 (-60) 

20 CIRCLE 10 

30 REPLACE 50 (-60) 

40 PLACE SO 60 

50 CIRCLE 10 

60 REPLACE SO 60 

END 



TO M0UTH2 

10 PLACE 50 180 

20 CIRCLE 10 

30 REPLACE 50 180 

END 
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CIReUE 100 
Figure 5,11 



EARS2 
Figure 5.12 



EYES2 
Figure 5.13 



O 



CD 



N0SE2 
Figure 5.14 



M0UTH2 
Figure 5.15 




iEAR2 
Figure 5.16 
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5.1,3 Drawing tha iear Using Carteslin Coordinates 

The me of Cartes'm eoordinate§ involves locating peinis aocording to their 
x-$nd >f ^coordinates. Because of the circular symmetry of the beards head, 
carte$ian coordinates would be a less likely ehohe^- If cartesian coordinates 
were um^ the k^and'-y'toordlnates of the eyes ar^ ears woM most likely 
be determined by trial and error, rather than by iimple angular relationships, 
Th i drawing of a bear, making use of SETXY, might look slightly different as a 
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result 



TO BEAR3 
10 0UTSIDE3 
20 INSIDE3 
END 



T0EARS3 
5 PENUP 

10 SETXY (-90) 50 
15 PENDOWN 
20 CIRCLE 20 
25^ENUP 
30 SETXY 90 50 
35 PENDOWN 
40 CIRCLE 20 
EMD 

T0M0UTH3 
5 PENUP 

10 SETXY 0 (-25) 
15 PENDOWN 
20 CIRCLE 10 
25 PENUP 
30 HOME 
END 



TO 0UTSIDE3 
10 CIRCLE 100 
20 EARS3 
END 



TO INSIDE3 
10 EYES3 
20 N0SE3 
30 M0UTH3 
END 



TO EYES3 
5 PENUP 

10 SETXY (-45) 2S 
PENDOWN^ 
20 CIRCLE 10 
25 PENUP 
30 SETXY 45 25 
35 PENDOWN 
40 CIRCLE 10 
END . 



TO N0SE3 
5 PENUP 
10 HOME 
20 CiRCLE 1 
END 
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CIRCLE 100 EARS3 EYES3 

Figure B.1 7 ngurt 5.18 = Figur* 5.19 




BEHAVIORS OBSERVEDi 



5.2 Student Use of Domain Specific CoordinatB Systems. 

Sometimes In the course of a particular project, a'student will develop a way of 
structurini tlie geomitry, to aid in solving the problem. The student is not usually 
aware that s/he is using a "coordinate system," but merely feels they have 
figured out a kind of "trick" to hejp with one aspect of a problem. 



EXAMPLES: 



5.2.1 Kevin's Intrinsic "Arc Coord'inates" " 

Kevin's major project was to draw a picture of a "turlle" on the grapWcs cHtpli^ 
screen. He was shown an arc procedure which allowed both radius and angSe as 
inputs. The circle procedure that he used to draw the outline of the "turtleV 
shell made use of .10 degree steps, and had a radius of 90. At the end of each 
step, a tiny dot appBared on the screen. Kevin could maneuver the TURTLE along 
the "turtle's" shell, by counting dots, and using the appropriate Input to ARCR. 
For example, after drawing the "turtle's" head, Kevin wanted to place four feet 
and a tall on the "turtle's" shell. He simpy oriented the TURTLE along the shell, 
counted three dots between where the TURTLE was, and where he wanted I© 
start drawing the first foot, and used the command ARCR 90 30, t^ move^ the 
TURTLE there, The first Input, 90, was the radius of the circlej and remwrMd 
constant. The second Input was the angle. Since Kevin knew ttwt three dot* 
represented three 10 degree steps, he used the secoi^ input, 30, to move IhtA 
far along the circle. 



Figure 5.22 
SHELL HEAD LT 70 




Figure 5.23 



ARCR 90 30 
LT 90 

FOOT 



5.2.2 The "Hat" on Donald's "Head" 



Donald^s extended project was to have the computer draw a complex head, 
complete with beard, hair, hat and floweri At one point, he had to figure out 
where to locate the "hat" on the head, and how large to make It, so that It would 
appear symmetrical. Since Donald had difficulty estimating sizes, r.nd solving 
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problems yitualiy (sM « chapter S of this 

report, and a full profile In Chapter S of Part HI), he often resorted to enalytleal 
strategies to help solve his problem. In this case he made! use of the "hairs'* 
which he had already drawn as part of his head, Sy counting hairs, front each side 
of the head, he was able to deterrrrine v/hen the hat was ■uffidenUy •ymmetrlcai 
to satisfy him. A drawing in Ns noteboolt was uted M part of the procett. 





Figure 5.24 



Figure 5.15 





Figure 5.26 



Figure 5.27 
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5.3 Student Use of Cartesian Coordinates 

The cartesian coordinate $ystem 1$ the most commonly used globa' geometric 
structure In most course$ on analytic geometry^ trigonometry, calculus, etc. 
In LOGO activities, cartesian coordinates have a more limited applicability, 
because of the compelling Immediacy of local Turtle Coordinates as a way of 
solving the simplest geometric problems which arise In Turtle Geometry. The 
cartesian description of a circle, for example, ^ * y^ = r^, requires the user 
to understand algebra, the use of exponents, and possibly thm pythagorean 
theormm. It specifies the radius of the circle, and gives a for^ via enabling 
the user to find any number of points on the circle, relative to the center. 
The LOGO descrmtion, FORWARD 1, RIGHT 1, ... on the other hand, tells 
exactly how to draw the circle, without specifying how large it Is, or where 
the center is, or where any particular point Is located 

LOGO is designed to simplify the use of cartesian coordinates for specific 
applications. Every point on the display screen has an X'and-y'coordlnate. 
The LOGO comands XCOR and YCOR output the x^and-y-coordlnates of 
wherever the TURTLE happens to be. SETXY Is a command miring two 
inputs, will move the TURTLE directly to the point on the screvi-- which has 
the H-and~y-coordinales given. To iotally specify a TURTLE fjositlon, it's 
, s^rimntation or "heading" must also be given. The LOGO commands HEADING 
and SETHEADING are analagous to XCOR, YCOR and SETXY. 

The LOGO command HERE outputs a list of three numbers, the x, y and 
heading coordinates of the TURTLE. The command, HERE, allows a user to 
give a name to a point on the screen, by moving the TURTLE to that point 
and using the MAKE comand, as in MAKE "POINT! HERE. To return the 
TURTLE to that point later the user types SETTURTLE tPOINT I . Points on 
• the screen can also be named without moving the TURTlE as In the command 
MAKE "P0INT2 [100 100 0]. "POINTS then represents a TURKE position 
whose x-coordinate and y-coordlnate are both 100, and whose orientation is 
straight up on the screen. 

Many students who do not use cartesian coordinates explicitly do make use 
of a sort of implicit grid system, In moving the TURTLE from one place to 
another on the display screen. Students are often introduced to the 
coordinates in a situation in which the naming of a specific point, and the 
later return of the TURTLE to that point are needed for a particular project 
Cartesian coordinates may also be encountered in a situation in which the 
user wants to know whether the TURTLE is inside or outside of a particular 
regict; the screen (as In an animated "race" or a "target game.l Another 
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region of the screen (as In an animated "race* or a 'target game.") Another 
use of cartesian coo^nafes accm when the sttxtent mnti the TURTLE to 
draw a grid on the screen — for example, to draw a tietatoe board 



EXAMPLESi 



5.3.1 The Use of m "Implicit Gfld* frt Moving thfr TURTLE 

Many students find it easier to move the TLNITLE around the dsplay Kreeen in 
horlzonfar and vertical "steps"^ than to accurately estimate both the dislance and 
direetlon of a point to which the TURTLE It to be movedi To move the TURTLE to 
one corner of the screen, for eHam^lei marv stt^rtts spontaneously learn to use 
this set of commands: RiGm 90^ FORWARD^ 200, t£PT FORWARD 200 Crather 
than RIGHT 45, FORWARD 2S2, which would mov» the TURTLE directly to th« 
same spot.) 



4 



Figure 5.28 



Figure S.29 



Albert used this approach for almost all TURTLE moves (other than drawing 
curves or triangles). Using a swrles of altemating FORWARD and RIGHT 90 or 
LEFT 90 commands, he cculd move the TURTLE anywhere on the screen. His 
inputs to FORWARD usually startad with multiples of SO or 100, which "fit" nicely 
into the total screen size of 400 TURTLE steps. 



ntudent who uses this approach Is not using "coordinates", but Is In a sense 
.^rawing a mental grid," creating a structure in the mind which will later make a 
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5.3.2 Naming Points Without Coordinates 

There are a few different ways that a student mi|ht make use of the capaBllity to 
name point and set the TURTLE to that point in the context of a particular 
project, a tariet gam^ The Idea is that a tariet Is drawn on the screen. The 
TURTLE is then placed at the center of the screen (or another point), aimed at 
the target, using RIGHT and LEFT \commands, and then "shot" at the target. The 
computer has to tell the player If the target has been hit 

First, the student might use point naming to draw a state transparent circle that 
starts from the center of the circle; 

TO TARGET 

10 MAKE "PI HERE 

20 PENUP FORWARD 40 

30 PENDOWN RIGHT 90 

40RCIRCLE40 

50 PENUP SEFTURTLE iPl . 
Ef*ID 

The student must now draw the target at a particular point on the screen. The 
TURTLE Is first driven to the desired point, and the point given a name, say "P2. 
To set up the target for a game, the student can make a procedure. 

TO SETUP 

10 PENUP SETTURTLE iP2 
20 TARGET 
30 HOME 

END • • 

in a game, the TURTLE is aimed at the target, and fired by a procedure called 
SHOOT, which checks to see whether the TURTLE has hit the target. 

TO SH0OT-:D 

10 MAKE "P3 HERE 

20 FORWARD iD 

30 IF DISTANCE sP2<40 PRINT [YOU'VE HIT THE TARGET!] STOP 
40 SETTURTLE :P3 PRINT [YOU MISSED. TRY ANOTHER SHOT] 

END ; \ 

(DISTANCE :POINT is a LOGO procedure which calculates the distarwe between the 
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TURTLE and any point, and wNch could ba iivan to the studtnt ai a "prlmltlye") 

5.3.3 Naming Pointi With Coordinates. 

Involvement In a project such as the tarfat geme described above leads quite 
naturally to the desire to aeltct many difNrent points for the locate of the 
target, and f&r tha initial position of the TURTLE before shooting. After gaining 
some experience with points by using MAKE TOINT HERE, the^ can 
acquire some experience with the coordinatei themselves by t^ng PRIf^ HERE. 
S/he will then see that the computer keeps track of the TURTLFs location by 
means of a list of three numbers cerrespontang to Its x and y coordinates and its 
heading. Instead of moving the TURTLE to a parllcular pointy "P2, In order to 
define it, the student can definiB it^by ^ving Its coordinates, MAKE "P2 [SO 50 
45]^ or by having the computer choose coordinates for the point In a random 
.way; 

MAKE "Pa (SENTENCE 10*RAND0M 10*RAND0M 20*RANDOM) 

5.3.4 Constructing a Grid Using Cartesian Coordinates 

A student could easily construct a simple grid, a TIeTtcToe board, for example, 
using X and y coordinates, and the command SETXYi 



\ 



TO TiCTACTOE 

lOPENUP SETXY (-75) 150 

20 PENDOWN SETKY (-75) (-150) 

30 PENUP SETXY 75 150 

40 PENDOWN SETXY JB (-150) 

50 PENUP SETXY ISO 75 

60 PENDOWN SETXY (-150) 75 



The same result ceuid be achieved In a Blrai|hlforward manner using FORWARD, 
BACK, RIGHT and lEFTj but would require many mere steps, 

5,4 Tha Use of Polar Coordinates 

In a polar coordinate $y$tem any point Is located by specifying iU diBtahcB 
from a fixed origin and its angle of orientaiion with rmpect to a fixed line 
through the origin To use the TURRE with a polar coordinate systam, one 
can set the orientation of the TURTLE to the desired heading with respect to 
the vertical^ and move It forward the desired distance, Polar coordinates can 
be useful in LOGO projects in whit^h ihe TURTLE always returns to a fixed 
point, but changes Its orientation, to carry out a sequence of actions, 

Students who make use of this kind of approach as part of a LOGO project, 
do not consider it a formal coordinate system. For them, a structure based 
on the TURTLE'S orientation can be thought of as another form of Intrinsic'' 
or Implicit" coordinate system, a "trick" developed for Its usefulness In a 
partmflar case. Students who make use of this particular approach develop 
an intuitive understanding that may later help them understarKl a more formal 
use of polar coordinates. 



70 PENUP SETXY 150 (-75) 

80 HENDOWN SETXY (-150) (-/5) 

90 PENUP HOME 




END 



Fi|ure 5.30 
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5.4.t Creating a "Baard" for Donaltfs Head 

Donald used a procedure like the following to draw a betrd for Ws head project. 



TO BEARD 

10 RltSHT 15 

20 REPEAT [STRING] 15 

END 



TO STRING 
10 PENUP 
20 FORWARD 80 
30 PENDOWN 
40 FORWARD 10 
50 PENUP 
SO BACK 90 
70 LEFT 2 
END 



The fixed point from which each "string" emanited was located near the top of 
the head, by trial and error, 



Figure 5.31 
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PENUP 



PENDOWN 



Fi|ure 5.32 



5.4.2 Angular Coordinates With Spinning Design s 

Many students create spinning designs which end with a HOME command, to 
complete the design and "undo" the spin. Karl called his design, NO- A "fiowpr- 
llke" design he made by repeating NO, was called K)<78055. 

TO NO TO XK7805S 

10 SPIN 10 NO 

20 FORWARD 20 RIGHT 10 

30 SPiN 30 NO 

40 FORWARD 40 RIGHT 20 

50 SPIN 50 NO 

60 FORWARD 60 RIGHT 30 

70 HOME etc. 

END 

1"9 
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If NO had not contaihed a HOME command, Karl's KX780S5 procedure would have 
been of the shape, rotation, shape, rotation... type of design, and would not have 
involved polar coordinates. Since NO ends with a HOME comand, the TURTLE ends 
up at the origin, in a vertical orientation every time NO Is executed. Therefore, 
the TURTLE'S rotation had to be increased before each succesF^ve W, in order to 
produce the design Karl wanted, " 

5.4.3 Polar Coordinates in a Symmetricai "Face" 

The "bear's head" described In Section 5.1, Is an example of a project which 
lends itself readily to Polar coordinates. 
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6. Theor^^Tis and Heuristiesi Towards Formal Mathematics 

In fortml mathematics classes, students are generally taught that a "theorem' 
is a mathematical proposition, already known to be "true' that has to be 
"proven" by a series of logical statements based on axioms and praviously 
proven theorems. The task of a working mathematician, on the other hand, is 
to formulate propositions, to try to discover the predictable regularities of a 
particular "world"; then to test, extend arid revise or discard such 
propositions based on the testsi and only finally, after a theorem and its 
usefulness is quite well established^ to attmpt to prove or disprove it in a 
logical sense. 

Students learning LOGO have the opportunity to function like a mathematician^ 
rather than like a student in a mathematics class.* 

While solving their own problems, students begin to discover some of the 
regularities of the mathematical world in which they are functioning. Such 
reguiarities may be used by the s^ f^mts as "heuristics" strategies or 
"rules of thumb" that may be helpi ' / problem solving. Heuristics med by 
LOGO students include general approaches to problem solving, such as 
breaking a large problem in small easily solved parts, specific techniques 
such m 'flaying TURTLE" to understand wNch way to move the TURTLE in a 
specific instance or to plan a shape like a eirch, and specific geommtric 
design ideas such as "keep repeating a shepe aii;d an Interesting design will 
occur, " 

When a student who has discovered and used a heuristic such as "repeat a 
shape" begins to be aware of certain regularities that occur whenever that 
■ heuristic is applied, s/he Is on the track of a "theorem". For instance, the 
student may realize that "all repeated designs eventuBlly closed that is, the 
TURTLE begins to retrace its path, if a sequence e/ steps repeated often 
ehough, Some students become extremely interested in verifying such a 
propositlan. Although the formal "proof" of such a proposition is beyonel the 
interest or ability of an elementary school student, it might be an interesting 
math project for a high school or college student studying LOGO.*t^' 

*See "Teaching Children to be Mathematicians vs. Teaching Chlidren About 
Mafhematics," S. PapBri LOGO Memo tt4, MIT Artificial Intelligence Laboratory. 



**See "Turtle Geometry" by Abelson and dlSessa, to bepMished by 
MIT Press, ma 



If the student shows further interest in this idea, s/he may begin to compare 
specific shapes with the number of repeats required before they close. Such 
an investigation could lead to another theorem; "any time the TURTLE has 
completed a series of steps and returned to its exact starting position and 
heading, it has rotated through 360 degrees, or an integer multiple of 3B0 
degrees" This is such a common and useful LOGO theorem that it has been 
given a name, the "Total Turtle Trip" theorem, or "TTT" for short The TTT 
applies to situations that do not involve repetition, but It is most commonly 
discovered, and used in cases that do involve repetition of a series of fixed 
steps. 

In this section, we describe student behaviors involving theorems and 
heuristics that arise in the context of Turtle Geometry. Many of these relate 
in some way to the properties of the rotational group, described in Section 3. 
Theorems and heuristics we will consider in some detail Include repetition; 
the Total turtle Trip theorem and a special ease, the POLY theoremf the 
concept of similarity; and the use of symmetry. 

BEHAVIORS OBSERVED: 

6.1 The Use of Repetition 

Once a student has written a first proeedure to draw a shapa on the display 
screen, a teacher usually suggests that the student repeat the design. Students 
quickly adopt this Idea, and use it to create many fascinating and uneKpeeted 

designs. 

EXAMPLESi 

64,1 Rapeating a square. 

A very common early LOGO project is to draw a "box" Typically^ a student 

draws a box in seven steps. 



183 



Turtle GepmetrM 



A "Repetition Theorgm* 



TO BOX 

; FORWARD 50 

2 RIGHT SO 

3 FORWARD 50 

4 RIGHT 90 

5 FORWARD 50. 

6 RIGHT 90 

7 FORWARD 50 
END 



Repeating BOX, produces this "surprisini'' resulfc 
BOX HDX ^ 

BOX BOX 




Flpre 6.1 



BOX 
BOX 
BOX 
BOX 



1 q 














1 

.V 













Figure 6.2 Figure S.3 Fliura 8.4 

A fifth repeat of BOX retraces the first BOX, flirting the cyele again. 
6.1.2 Repeating Other Shapes. 

Kathy enjoyed repeating shapes. Her TRIANGLE, repeated Ivj'Ice, became a 
BUTTERFLY. BUTTERFLY, repeated until It closed, become 7iLm blFLY. 
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TRIANGLE 



TO Till ANGLE 
1 LKFT 90 

8 ItlOIlT 12% 




BUTTERFLY 



TO BUlTBflFLY 

1 TniMOLE 

2 HilAKOLE 




7BUTTERFLY 



TO f BCfniRfLY 

2 BOTTEHFI^y 

3 BUTTERFLY 



TRIANGLE 



BUTTERFLY 
Figure 6,5 



7BUTTERFLY 



When Kathy made a HOUSE procfdurcv umg TRIANOIE and BOX prgeedurei, 
, she promptly rspeated it four limes b rmks ffflUSE4 




HOUSE 



Figure 6J 
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6. ♦ 3 Repaating a "Miscellaneous" Shape 

Ray was one of many students who enjoyed "seeing what would happen" If he 
made up a miscellaneous set of commands, gave those commands a nam© and 
repeated them an arbitrary number of times. His procedures, SAM, TIM, and JOE 
are examples of this. 



TO SAM 

1 FORWARD 1 7 

2 RIGHT 90 

3 FORWARD 29 

4 LEFT 56 

mo 



TO TIM 

1 FORWARD 

2 RIGHT 90 

3 FORWARD 36 

4 LEFT 61" 




TO JOE 

1 SAM 

2 LEFT 150 

3 TIM 
END 



REPEAT [SAMJ30 REPEAT [TIM]30 REPEAT [J0E]30 

Figure 6.7 

6.1.4 Repeating a Shape and a RoUtlon 

Many students develop a process of repeating a shape and a rotation a 
procedure Is "state ♦/ansparent" - that Is, the TURTLE returns to Its orighial 
position and heading whan It coMpletos the figurs — then repeating It causet It 
to retrac!' itself. One way to make e more complex design with such a sh.aps rs 
to rotate the TURTLE a fixed amount after each repdtltlon of the shape. IVIenica 
used this approach with many of her basic shapes. Here are some of *hm desigrjs 
Monica made, using her state-transparent TRI procedure, with different rotRiions. 
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TO TRW 

1 TRI 

2 LEFT 90 

3 TRI 

4 LEFT 90 

5 TRI 

6 LEFT 90 

7 TRI 
END 




rRI42 
1 LEFT 40 
2 

END 



T0TRI442 

1 TRI 4 

2 TRI42 
END 





Figure 6.8 
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TO FAN 

1 TRI 

2 RIGHT 10 

3 FAN 
END 




FAN 

Flguf© 6,11 



6.2 Dat arminini the Number of Repeats Needed \q "Cloie'* a Partieular Shsom 

Soma studenti quickly rGallze that when ropeating "shape, retetiofi,** nertsifi 
"speclai angles" produce fairly simple doied figurasi while @thar angles preduea 
complax figurps which take a long time ta elosei or which ^fill up the screen" 
before ciosing. Focu^iing m the particular angles which ri^gke the simpler shapes 
can be m important stepp leading to understanding the significsnee of 360 
degreas and to the TTT theor A particylar csie of this m the process of 
nuking the TURTLE draw a circle by rer^iting FORWA^C: ^metNn^ RIGHT 
soniathir^ a ce^ toin number of times. 

EXAMPLFS 

S.2A U mm jpec ist Ang les" W it hout Analysig 

Deborah limiled tt^mi of her inputs te turtle commarKJ^ to the numb#rs 30, arv J 
SO, Theraforei whan sha began to use the Idea of ruiating a shape, was quita 
natural for her to use RIGHT CO &s the rciatlen to produce her FLOWER^ 



EKLC 



1 ^^'^ 



TO FLOWER 

I CIRCLE 

a RIGHT 60 

3 CfRCLE 

4 RIGHT 60 

5 CIRCLE 

6 RIGHT 60 

7 CIRCLE 

S RIGHT 60 

9 CIRCLE 

10 RIGHT 60 

I I CIRCLE 
END 




Figure 6.12 



Kathy made a star using a rotation of 45 degrees. Her procedure BUS4, achieved 
by repetition, was the basis of her STAR procedure. 



TO BUS 

1 SQ 40 

2 LEFT 90 

3 SQ 50 
END 



TO 4BUS 

1 BUS 

2 BUS 

3 BUS 

4 BUS 
END 



TO STAR 

1 4BUS 

2 RIGHT 45 

3 4BUS 
END 







\ 





















Figu*^ 6,13 

6,2,2 Anaiyzlrtg the Effects oi Repeated Ro Utie ni. 




Monica, ^njoyod rolfilini ohflptSp but had very iiltle Idte of th^ rtlationship 

b^Hveen the angie she chose^ and the resultifii shape. Har teacher sugge^t^d 
usmg the angle of rcttitfpn as a variabiej and Isklng notes on the effects of 
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different rotatiens. She was hriped to write the proctdur© WIShwOW to rotate 
her precedure, WOW, a collection of nested squares. 

TO WISHWOW lANGLE 

10 WOW 

20 RIGHT jANGLE 

30 IF HEAOING - 0 STOP 

40 GO 10 

END • 

Monica's notes show that although she was bttfnninf to notice regtdarfties and to 
connect the number of repetitions with the rotation used, she did not have a 
systematic understanding nf these effects, 

"WISHWOW 160 looked the same as WiSH\A^W 40. U had thin cones 
and there were 9 of them. 

WISHWOW 165 had thin webbed cones and you couldn't really see them 
that good. WISHWOW liO had cones but they looked like they didn't 
close up. And It was fatter than other ones. It had more squares and 
cones. The corves were thin. Arid close together. 

WISHWOW 45, WISHWOW 90. These t inok almost the same but 
WISHWOW 45 looks like it goes twice around instead of Ofwe. And the 
cone shaped things on the sides are bigger than the WISHWOW 90 



ones " 
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6.3 "Discovery" and Use of the "Total Turtle Trip" Theorem 

Most students make use of the Totil Turtle Trip" theorem In the context of a 
conerete project rather than In completa generality. Once the student 
understands the Idea in a general way s/he can apply It to the solution of a 
different specific problem. 

EXAMPLES: 

S.3.1 Co nstructing a LOGO Circle Using Repetition 

Darlene had a systematic approach to probltms that she encountered. She wss 
always interested In exactly how many repiats :t took for a shape to ••c!o&s^ 
When she drew a "circle", using the- REPEAT command, shu eHperlmenta!!y 
determined exactly how many repeats were required. With careful observation 
she found that the command REPEAT [RIGHT 2 FORWARD 3] ISO wsuld draw a 
closed circle with no overlap. Once she'reallzed that the TURTLE had turned 
exactly 360 deirees as It drew the circle she y>m able to draw smaller circles by 
using the commands: 

■ 

REPEAT [RIGHT 3 FORWARD 2] imMM RtPIAT [RIGHT 4 FO^ARD 2] §0 



Once a student has drawn a square using the TURTLE it Is natural to attempt 
the congtruction of a triangle. There are many wayB to construct a triangle 
using trial and error approaches. Some of these have been discussed fhove. 
Another approach is to make use of Information derived from the pn ^js$ of 
constructing a square arwi apply It to constructing a triangle. Tim reasoning 
Involved Is far from trivial, and it Is often the cas» that s student and a 
teacher will work together on this process, rather than a student figuring It 
all out Independently, 

The reasoning goes like this. A square Is constructed by repeating the samo 
"thing" four times. The "thing" that Is repeated Is the pair of stops, 
FORWARD something, RIGHT 90. In doing so, the TURTLE has rotatetf s total 
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of 360 degrme$. The student also know$ that a rotation of 360 d^grms will 
turn the TURTLE all the way around. In order to draw a triangle, the TURTLE 
will also makm a shape in which it turns all the way arour^, this time In threB 
steps. The amount of rotation needed for each step is thus 360/3 or 120 
degrees. The student can now draw a triangle by repeating FORWARD 
something, RIGHT 120 three times. 

At this point, the student might explore the generadty of this approach by 
trying to construct a 8 or 10 sided regular polygon. In each case, the 
process m$ described above will lead to a successful result (ThB process 
brealKs down if '' ^ student wants to construct a 7 sided polygon, however, 
since 360 is not ^^^nly divisible by a) 

6.3-3 A pplication of the TTT to Solving a Particuiar Prebiem 

A common student project is to draw e "leaf" for a plant, using quarter arcii 



The student knows that the RARC and LARC proeedurat ^ause tha TURTLE to 
rotate a total of 90 degrees. In orde^* to draw a "leaf and return to the point at 
which it started (which is useful in letting the TURTLt back on the plant's HimnH 
the stuQ^^nt reasons that the TURTLE must draw an arc, turn some i^mmn\, draw 
another arc md turn the same amount Siws the two ares cauie the TURTLE to 
rotate a total df 180 deirees, the ^URTLE neads to turn a lotai of {360-180), or 
180 degrees at both ends of the k mUs the TURTLE must turn 90 degraes at 
each and of the leaf. This procedui ^ vvHi draw the laat, 

TO LEAF 
10 RARC 100 
20 RIGHT 90 
30 RARC 100 
40 RIGHT 90 
END 




Figure 6,16 
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Calculating the Number of Points in a Star or PclyEon. Using a POLY 
Procedure. 

Another way at approaching the 'iotal turUe trip" is by analysing the rmsirits 
of using different inputs for POLY. (See section 2} A stu^t tn'ght be asked 
by a teacher to keep a chart showing tim ar^e Input for the number 
of points In the restating star or petyiittn, and the calariated total rotation 
turned by the TURTLE in completing t^e demgn A student wh0 has carefully 
carried out a number of POLY experiments wilt find that for any polygon, the 
turtlB will turn through total rotatim of 360 deffees, and that for any star, 
the TURTLE will turn through a total rotation of a multiple of 360 degrees. 
(A fNe pointed star, produced with an an^e input of '44 degrees turns the 
TURTLE a total of 720 degrees. An eight pointed star, produced with an 
angle of 135 dr^grees turns the TURTtE through a total of 1080 degrees, 
etc.) This Is one particular fmm af the Total Twtle Trip Theorem 

6.5 The Ufa of Slm iiaritY 

There are a number of ways for stt^ents to encounter and make use of a 
"LOGO Similarity Theorem" A proportional change In alt the FORWARO and 
BACK steps In a sequence of TURTLE commands, wNle hdding the angles 
constant, will change the size, but maintain the shape of the figure drawn by 
those commands. While /ew students come to understand this principle In Its 
full generality, ther^ aM many w^s In wNch students encounter it In simphr 
forms and use it Ik ::.tir LOGO projects The desire to create similar designs 
often provides students with their first use of variable^ as they try to 
create "diffemnt sized squares," for exanple. 
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6.5.1 Simi larity In Regular Shapes. 

Almost every student encounters regular similar shapes whan they work with 
RCIRCLE and LCIRCLE commands, squires of different slies, and the shapes made 
by a POLY procedure. Since all the sides of a regular shape are the same, making 
the length of that side a variable, rather than a fixed dlstence leads ImmediBtely 
to similar figures. 

Laura's design, AROUND was built of randoml:^ selected circles; 



TO AROUISID 
10 LCIRCLE 90 
20 LCIRCLE 58 
30 LCIRCLE 48 
40 LCIRCLE 20 
50 LCIRCLE 10 
60 LCIRCLE 96 
70 LCIRCLE 50 
80 LCIRCLE 33 
90 LCIRCLE 66 
END 




Figure 6.17 



Monica's procedure, WOW, was created using a varlBble ^ttd^ 

TO WOW ■ ii 



t^uart procedure; 



1 

2 
3 
4 
5 
6 
7 



SQ 10 
SQ 20 
SQ 30 
SQ 40 
SQ 50 
SQ 60 
SQ 70 
8 SQ 80 
•9 SQ 90 

10 SQ 100 

11 SQ 110 
END 



EL 



Figure 6,18 
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Kevm^s TUNNEL, using a POLY prOMdura WA a more gmeral use of tha same 
idea. 



TO TUNhEL :SIZE 

10POLYjSIH45 

20 IF :SCE ^ 105 STOP 

30 TUNNEL .-SIZE + i 

END 




Flpjre 6,19 

Dennis' nested triangit procedure, Q, made use of •iiniin' i/i«i|^«s In a very' 
different way: 



TO Q :SIZE 

10 IF :SIZE = 10 STOP 

20 THRU :SIZE 

30 FORWARD :SIZE/2 

40RIGH7 60 

50 Q :SI2E/2 

END 




Flfure 6.20 

One of the m&frt «M«ratB "re|ular figures" was fttesy's &i4 ^rtgn. After first 
creating the ^^^mmtt with fixed ilies, Betsy ma? vv set of procedures 
which took a variable iSIZE as input: 
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TO SUN2 :SIZE 

10 REPEAT [RAY2 :SIZE] 9 

END 

TO RAY2 ;SIZE 
10 B0X2 :SIZE 
20 LEFT 180 
30 RIGHT 20 
EWD 

TO B0X2 :SIZE 
10 RARC -SIZE 
20 LARC :SIZE 
30 RARQ :SIZE 
40 LARC .-SIZE 
END 





SUN2 20 



SUN2 30 
Figure 6.21 



6.B.2 Similarity in Non-Regular Shap es. 



The more general principal of similarity, In which all the sizes in a shape are 
multiplied by a constant factor, occurred less frequently In ©ur trial classes. One 
noteworthy eKample was Kathy's pair of procedures WORM and WORMYi 

TO WORM 

1 RARC 30 

2 LARC 30 

3 RARC 30 

4 LARC 30 

5 RCIRCLE 10 
END 

TO WORMY 

1 RARC 60 

2 LARi" P " 
3R^'' . 
4 1 AH. :0 



5 RCIRCLE 20 
END 




Figure 6,22 
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6.6 The Usa of Symmetr y 

The idea of synmmtry is one vMeh most studmts enegunter as part of their' 
LOGO Bxperienee. A tOGO symmtry theorm" might be stated as fQltows: 
"If all the right and left commands in a sequenee of TtMKE commands arm 
reversed, without changing any of the other, commands In the sequence the 
resulting design will be a mirror image of the oriffnal design." The reversing 
of RIGHT and LEFT, Is one approach which students use to create 
symmetrical designs. Another is the me of an Inplied ma's of Bymmetry," 
usually a vertical line down the center of a desigty in wN'^ both sides are 
identical but in which the symmetry is pr^ueedby "working xross from one 
side" of the design rather than by starting from the mlMla and reversing 
RIGHT and LEET commands. Some students make use of one of these 
approaches to symmetry in connection with a design that is not fully 
symmetrical, or In a design that Is mostly symmetrical, but whi^ has one or 
two dramatic asymmetries. Finally, many students carry out projects 
involving rotational symmetry, examples of which have been considered 
above. 

EXAMPLES: 

6.6.1 Symmetry by Right/Left Reversal 

Symmotry by right/left reversal is usuilly preceded by the realiiatlon. that a 
RIGHT turn can be eliminated fay an equal LEFT turn, satd reversed by a double 
LEFT turn. This Involves the use of right and left as Inverses of each other, and 
was discussed in Section 4 of this chapter. The most eomrnon extmple of deflgns 
which make use of rl|ht/left reversal are those made by Uilng arc and elrele 
primitives, RARC, LARC, RCIRCLE and LCIRCLE, since these Immadlately produce 
symmetrical designs. 

Two simple eKamples ef this type of symmetry were Deborah's procedurfi called 
EYES, drawn using RCIRCLE and LCIRCL^ and the WSE prMtdure she used for 
her "rabbit" In wKjh she used RARC and LARC as Inverses of each other. 
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TO EYES 

1 RCIRCLE SO 

2 LCIRCLE 90 

3 RCl^CLE 40 

4 LCIRCLE 40 
END 



TO NOSE 

1 RARC 30 

2 RIGHT 90 

3 RIGHT SO 

4 LARC 30 

5 RIGHT 90 

6 RIGHT 90 

7 LARC 30 

8 RIGHT 90 

9 RIGHT 90 

10 RARC 30 
END 




Figure 6.23 



Figure 6.24 



A somewhat more elaborate example was Karrs ACE prscedure which Involved 
vertlcftt symmetry produced by using FORWARD/BACK reversals, as well as 
right/left symmetry. 



TO ACE 

1 RCIRCLE 50 

2 LCIRCLE 50 

3 BACK 100 

4 RCIRCLE 50 

5 LCIRCLE 50 

6 FORWARD 100 

7 FORWARD 100 
a RCIRCLE 50 

9 LCIRCLE 50 
END 




Figure 6.2S 



Kathy's 5IR0MAN procecKtre was an elaboration of the "eye*" ^proMh, using 

Inverse arcs as well as RCIRCLE and LCIRCLE. 
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Figtre 6.26 



Gary regularly made use of ths "LOGO symmetry theersm" in hit work. An 
eKampie diicusstd fufly In Section S.5 of Qwpter 4^ was Ns STA^^F prmt^M, 
in which right/left iynvnetry was bdit Into the enUre proeets. 



6-6.2 Projects Involvini an Implied Axis of SymirtetrY 

Many students created iymmttrical designs without reyersing right and left 
commands. Such a design is likely to be a drawing of a faee, a rodcet, a house, 
etc. Such designs may also have one or two dramallc a^mmetrte featirm. 

When Kathy added a hat on hw* BIRDMAN design (ripre 6.26), wha nwde um of 

an implied axis of symmetry. 



Gary's first major project was a FACE wWch looks as though It was constructed 
using right/left symmetry. Actually Gary used a mere eliberata approach which 
involved estimating the siEes of circles and placing the TURTLE so that It could 
draw the circles starting from the outside. The "Nose" Is the only asywiMtrlc 
feature. 



Figure 6.27 
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Fi|ure 6.29 

Donnid'p HFAD was also worked out without the use of right/left symmetry. 
Although his symmetrical placement of ine "hat" was not exact. It was clearly 
intended to be so. Once agsin the "nose" Is deliberately asymmetiCi as Is ;he 
flower. 
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6.6.3 The Usg of Symmetry in Non-Svnwnetric Deriirw , 

Dennis used the "LOW symmetry thtoreni" to create mndmi for his car. Once 
he had drawn the rear window, WINl, he reversed all the angles to draw the 
front window, WIN3. 



TO W'Nl 

2 FORWARD 60 

3 RIGHT 60 

4 FORWARD 20 

5 RIGHT 90 

6 FORWARD 40 

7 RIGHT 90 

S FORWARD 50 
END 




Figure 6.31 



TO vvir« 

1 LEFT 30 

2 FORWARD 60 

3 im 60 

4 FORWARD 20 

5 LEFT 90 

6 FOrtWARD *n 
7LffT 90 

S FORWA^ 50 
END 



'imn 6.32 
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Figure 6.33 

As a final example of student use of symmetry we exa-fllne Kathy's procedure 
MONSTER. MONSTER was produced by an exploration In olvlng arcs and circles. 
When Kathy divided this into subprocedures MO, NS, and TER, MO and NS were 
symmetrical, while MO and TER were identical. Although Kathy probably used a 
symmetric process In working out her design, the asymmetry of the design as a 
whole obscured this aspect of it. 
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TO MO 

1 RARC 40 

2 RARC 20 

3 LARC 40 

4 LARC 20 

5 LCIRCLE 20 

6 RaRCLE 20 




TONS 

1 LARC 40 

2 LARC 20 

3 RARC 40 

4 RARC 20 
SRCi^£20 
6L^aE20 
END 





MO (and TER) 
Figure 6.n4a 



MS 

Figwe 6.34b 



MONSTER 
Figure 8J5 
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6. Dvnamfcsi Learning Physics with a Dynaturtle 

During the last two weeks of the secfjnd round of classes, students were given an 
option of extending their LOGO world wl4h a new kind of TURTLE, dynaturtle. 
With the eKceptlon of Tina who was deliberately encouraged to slay with her 
other work, the students found ^naturtle attractive enough to choose to spend a 
significant amount of their remairang time with It 

1. pesoription of Dynaturtle; 

A dynaturtle, like the ordinary LOGO TURTLE, Is a graphics entity which can be 
njoved around on the computer display with commands typed at the keyboard. 
Like the geometry TURTLE, dynaturtle responds to commands, RIGHT or LEFT, by 
instantly turning in place. While motion for the geometry TURTLE is caused by the 
command FORWARD, a dynaturtle never changes position Instantly, but can accpnre 
a velocity with a KICK command which gives it an Impulse in the direction the 
dynaturtle is currently facing. To ef/ect real time control, one normally directs a 
dynaturtle with keystroke commands, R, L, and K which sts/rf for RIGHT 30, LEFT 
30 and KICK 30. Provisions were made to allow students to augment this small set 
of instant commands at their pleasure. 

Two model games were provided for the sti^ents. The one of ralevance here 
was called TARGET. Its goal was simply to direct a dynaturtle with K's, R's, and 
L*s to hit a target, but to do so with a minimum speed at impact A qualitative 
scoring together with Impact speed was printed out when the target was reached. 
The Initial configuration had the dynaturtle at rest aimed directly the screen, 
and the target, as Indicated is Figure 1.1, positioned at a bearing of 45 degrees 
from the dynaturtle, A single K command would cause dynaturtie to travel the 
distance between initial position and target In about 15 seconds. The Introduction 
to dynaturtle given to sti^ents was a brief descpiption of commends together with 
an illustration, applying a few "kicks" to a tennis bftli on a table using a small 
wooden mallet 
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Figure 1 , t 
Initial Cdnftguratton of Target 
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V 




Vector Addition 



FIgur© 1.2 

It was expected that after Initial familiarity with the system was gained, students 
would modify the model games or use the dynaturtle in more flexible ways to suit 
^helr own purposes. This did indeed happen, but the initial peHod of coyhg to 
understand dynaturtle was so rich and suigestlve by Itself thai we decided to 
ccincentrate in this report only on that aspect of the students* encounter with 
dynaturtle. In particular, we have chosen to look carefully at the data to try to 
answer two questions^ 

1) What and how are the students learning from dynati^'tle? 

2) How might that relate with more curriculum centered notions of learning 
physics? 



2 pyervlew of Results; 

To set a perspective on students experience with dynaturtle we will ffrst make a 
brief oversimplified sketch of the experimental results. In a sentence, almost 
everybody did essentially the same thing. This was particularly surprising in view 
of the striking differences in abilities and style which the students exhibited in 
their other work, and It is the basis for the suspicion that there Is a fundamental 
phenomenon at work here. 

In more detail the dominant theme of these students* encounters with the 
dynaturtle Is their exposure to, and ledrning to control, a Newtonian object. This 
in turn, without much Interpretation,- can be seen as the confrontation of an 
essentially Aristotelian theory of physics with a Newtonian reality. For our 
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purposes here we use the term "Ariflotellan physics,'' to mean that objects simply 
moye In the directiM In slrwlar terms Newtonian physics states 

iKat pusher changi^^^ v The conflict is Whether forae correlates with 

|es in velocity (Newton) or with chmges in position (Arlstollft). 



The germ of the conflict TM^ in a simple •Uuation wh^h all tlM tli^ents 
ericMjnter<M a^ Ml reprded as protriematic, Sup^te a difMrViA h movfrif 
upward and one wants it to move to the right (Figure 2.1a). the Aristotelian 
strategy is simply to aim to the right, then Nick iri that direction^ and the 
expectation is as shown in Figure 2.1b. *Klclc to the right means move to Ih© 
righL" In contrast, the Newtontan ^naturtle moving 

toward direction which is not affecttd by the •tdewayt kick and thua taket a 
"eempromiso'' path following tto kick as shown in Figira lie. 



A 



Figure 2.1 a 
Moving Upward 



O 



Figure -2. lb 
Expectid Result 
of a sidiward kick 



Figure 2.1c 
Actual Result 



( 



All the students spontaneously generated the sideways kick as a means of making 
a right turn and eKpressed surprise and consternation at the result. Complaints 
that the machine was not working right at this point were commonplace. The 
robustness of the students' theory Is attested to by thtt^lfact that, though many of 
the students had made significant progress in the two weeks of exposura, none 
proved to completely shed the Aristotelian disposition, We are thus led to 
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considtr this as a situation potenllally involving significant learning and cegnltlve 
rostructurlng. 

3. Detail ad Observations of Two Students 
3.1 Jlmmy^s Experience With Dyn aturtle 

The following gives more detailed account of our observations of two of the 
students who were observed at greatest length. It is Interpreted principally In 
suggesting a frame for appreclBting the imporlarice of the observations both In 
terms of knowledge {co|nltive) structure and in terms of physics padagogy, 

Jimmy's early work with the dynaturtle was typical in the sequence of strategies, 
successes and failures. His Initial strategy with the target game was a simple AIM 
and SHOOT, the almost universal starting place of all subjects; 

(1) Turn the dynaturtle with Rs and Ls until It's facing the target 

(2) Shoot using Ks 

AIM and SHOOT is one of the principal strategies Involved in playing with the 
geometry TURTLE, and It may therefore be ■straightforward transfer to find it 
immediately and clearly implanted In this slightly different environment Though it 
seems very natural to the situation, one should remember that children this age 
are notoHoys for simply "messing about". A clearcul and essentially instahtaneous 
use of a sti'ategy, no matter how simple, Is not the general state of affairs. 

This strategy falls as it stands: the target is at a 45° bearing and R and L cause 
the dynaturtle to turn In 30* Increments, thus AIM and SHOOT necessarily carries 
the dynaturtle off to the left or right of the target. Once Jimmy saw the failure, 
he summarily dropped the strata^. There is every reason to beileve, especially 
considering his experience with the geometry TURTLE, that Jimmy undersleod the 
problem and simply looked for alternatives. This Is In sharp contrast to what 
happened with his next strategy. 

The alternative plan Jimmy <and most others) adopted was to move straight up 
the screen, then, when the dynaturtle was at the same height as the target, make 
a right hand 900 turn and run Into the target. (Figure 2,1) /f i§ possible that the 
universality of this $tep with the students is due to the fact that thmy have 
already had significant experience with the geometry TURTLE In as much as this 
corner movemmt Is a very frequently observed strategy in that domain. It Is 
used to achieve accurate positlpm^ positlpnlng pirts of a picture). Oh the 
other hand that strategy had been neither taught nor even named or remarked 
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i^on. M 1$ only a slight abstraction to sea this as achieving independence of 
eehtrol of two degreas of freedom (hortzontal and vertical ^e#l^ is 
impprtant "proto- 

impiicatidni in dynamics comparecl to the "^oto^ AmussimI earlier 

in the geometric case. (See Chapter 5, Section^ 

The CORNER strategy, of course, tiroia^t Jimmy quickly to the veiy heart of the 
Aristotelian-NewtonlBn controversy. The ^wturtle^kl^ed diagoiwlly avviiy from 
the larget rather than toward it. Ms first instinct on fMing was to try it aiain and 
again. Then he applied more Wcks at the rifht angle turning point. lUM and 
SHpOT had failed for an underslandible reason --1w did fwt oompS^n wh^H^ 
But CORNER had no food reason for failtra in Ms eye^ and tie complai^ted and 
appeared frustrated. 

At this point an intervention was made discusfi^^ig with him the essential difference 
hatween TURTLE and dynaturlle. Out of the discussion arose Ji hew strategy 
which was neither expHeitty prdposet' to him r»r entirely spontineous on his parts 
at the corner, stop the ^naturWe with liicks in ^e direction opposite to Its 
motion, then AIM and SHOOT directly Into the target (The stoppii^ : kicks which 
canceled initial kicks were named aff£nllc/dlrs ^ arather student, a name wMcK We 
appropriate.) Jimmy undersl^i^ and quickly applied tMs strata, which we will 
cm\\ a fihwtontan Comer {Fiffsrn 



O 



A 



Kick to Start 



V O 



Turn ^ Kick 
to stop 



o 



Turn li Kick 
to finish 



Figure 3.1 
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Therf are two sl|nlflcant points to makB at this Juneture. Jimmy never did sxhiblt 
any confusion between turning and l<ickinr» that thty are Independent aetlons 
(perhaps modeled on the Independence of forward and turn commandii for the 
geometry TURTLE) was taken for granted. Thus he began turning around 
immediately after kicking to start the dynaturtle, without expecting to see any 
change In motion until new kicks were applied. This is important as It shows that 
he did not have trouble disassociating almrng from moving In his switch from 
geometry TURTLE to dynaturtle. Without this fact one would be tempted to 
attributo AristolBlian expectations io a simple carry-over of the fusion of 
direction-pplnted and direction-moved mfhlch characterizes the geometiy TURTLE. 
The lack of difficulty in differentiating direction of motion and direcllen of pointing 
was true of the other stydents as well, and may Indicate a transfer from the 
qualitative structuring in furtle Giometry noted In Chapter Five. 

Secondly, Jimmy knew without being told and before experimenting that the 
number of kicks he needed to give to stop the dynaturtle was the tame as the 
number he gave to start It He did not worry about timing but only about number. 
Again we do not know to what Bxtent this 1$ a carry-'over of learning the power 
of inverse operaVms In LOGO. As cited in earlier sections of this report, LOQO 
Turtle Geometry students often give clearindication^f coming to grips with 
inverses in a form we can exemplify with the eeftjatlon RIGHT ^ m 

change. If kick'BntikIck inverses wlih the dynaturtle are due to previous LOGO 

8to 



trunlngt wm have discovered In this a p§$^ble te$t for transfer of spmtmemn 
/earning in the LOt^ envtronmnt 



Havini developed » fallproof iirate^^ uidirsteiQc^ Jimmy eeneentfated 

for an extended time prac^^ 

3.2 Darlene*s Expertonce with Pvnatut'tie 



pariene started cut with the same AIM and SHOOT at Jimmy but was more patient 
in trying to.debof It. Because of her care not to give too mafiy kleks she in feet 
succeeded in hitting the target, but not reliably. Trying to folfovy Jimfny's CORNER 
path (she could see his screen) she fell Into the samey AHstotttlian t Again at 
this point an Intervention was made, IHustratIng itde kicks and the reslillant 
diagonal trajectory with the tennltj ball ami mallet. This appeared to en^nder a 
state of disequilibrium. She made it sfear with faciW ex 
quite dubious about this "eKperlment,%rabblng thr rrtall@fc;and; trying It herself 
several limes; "There must be a w^,'' she safd^ twisting; the^^ as shi hit the 
ball. She was shown Jimmy's Nevirtonian CORNER strat^ of Nt to sfop, re-alm 
and new hit, but still indlMted a to see the corner acesmptlshM 
kick. A diagonal backward kick was sugfested and dMn^trat«d (Fl^e 3.2), but 
she refused even to consider that. "( like Jimmy's ttrate^," whereupon she 
returned to try It put en the oompyte^^ 



<i--~o 



Figure 3.2 



Diagonal backward kick 
turns the corner 



Oarlene was not content as Jimmy was to stay with one method. Over the ne»{t 
few days she tried many others. In particular, the next day she tried the CORNER 
strategy starting out horizontally rather than vertically (Figure 3.3a). Of course It 
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fallsd She triad to eorreet an AIM and SHOOT by kicking at tha target as the 
dynaturtjii paised a point on Its trajictory parpandicular t the line ta target 
(FIguni 3.3b)^^ as well. She tried and! filled at eorrteUng Wie Arlitotelfan 

Corner!^ defeets with a aecend kiekp but ueing thi iamr "kiek toward^^^^t 
strategy <^ 3,3c), These are very Intirestlhg and cruel experiments, 
ThougK to a "Newtonian^ she it merely rehashing a known reBult -- the CORNER 
strategy fails a little more detailed thought suggeits tome very Important 
developmental furetlon In these activltiet. 



o 





O 



rlMntal Arlstotalian 
Corner 



b. Correcting AIM and 
another Aristotalian Corner 



Another Aristotelian 
Corner 



Figure 3.3 



Let ut ask how Darlene (or we ouraelves) could understand that thtie different 
experiments are ^really the same. There are two possibilitiei. One Is that she 
underitandi the set of operations (rotations and reflectioni) which leave the 
axpeHmenti "fhe iame". These are not much different from thoie . which leave a 
geometric configuration the iame^-* a book ramaini perceived as a book 
whatever its orientation. The gedanken experiment which makes the argument is 
the observation that turning something around Is just like looking at it from a 
different standpoint which shouldnH change anything substantlaL On the olhtr 
hand, with motion and trajectories in the real worldi gravity introduces a forceful 
anisotropy. It seems quite plausible that someone would want to e^peHment to 
really test the group of symmetrlei, 
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The tecond possibility for underslanding Iht Wtntlty of the esjpsrimtnts Is t^^^^ 
tf^y ai'^jSescribed In an Inviriin^ 
unehanged if b WtwM^^^^ 

wNcK assumes frame of re has no fuhr»»onal slghlficai^ 

lnd#^> tHaW the sort iof description we haye been using In pN-asts like, "klek 
perpendicular to an Bstabllshed trajectory." [We do not mean to Imply that 
Darlene's mlernal description Is verbal, but for the sake of tWs short discussion 
we will pretend that It Is so.] It is quite likely that, though the geemeti^ tURTlE 
was a help, Darfene could not Initially generats such a precise Invariant 
descrrption. More likely her description would htf^e been something like, "It 
deesnn go strasght when you kick It sldevvay^" or ever^ "Sometimes It doesn't gd 
straight." In this frame of mind It's natural to try experlmints of the sort that she 
did. 

Seen In this way Darlene's experiments make utterly clear scientific sense as a 
way of developing and refining an Invariant descrlptloh. In fact. Invariant 
descriptive techniques jlong with a few paradgmatic phenomtnt and strateees 
(the CORhlER strategy's failure and Jimmj^s start and stop method are Iw^, well 
mention more shortly) could constitute the basit for a reasonably cemplete and 
efficient understahding of cfyhaturtle. 

The symmetry grou^ versus invariant desariptfan routes to understariding the 
conceptual fhtegrlty of the Aristotelian CORNER are probably not really 
alternativeSf tut each yaluable^nstructa for im^ Darlene's 
growing under$tandingi We expect that the intdtive foots for even begthning the 
route to full appreciation of invmarice and symmetry lie partially in both cimpst 
the feeling that rotating the iN {phenomem^doesnH mi^e inueh afference to 
it interacts with the proto-invarlant sensation that there i^^^g fkA in^riani 
object) to be studied . 

parlene was presented another workable refinement of the Aristotelian CORNER 
slrategy In addition to Jimmy's start and stop 

corner," turn and kickisldeways early. We call tNs the EARLY strate^ <Flguro 
3.4); Thlrmakis^o^ Intultl^^ being slow to 

respond Is a good heuristic. 
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Figure 3.4 
Kick Sideways EARLY 



The strattgy breught along with it, without prodding, the eorrgctlve fftedbick loop, 
"If you miss by getting to the target too Iat9, (meaning x-eoordlnatt jiosltlon "gets 
to the target" after y-coordlnate /f l$,lnt§re$tlng that such a formlMessHption 
hides the trivial obviousness of kicking too marly or too late as pereeivfd by tha 
sfutfenfft) then kicl< earlier," Bnd vice versa. Kicking "too late" or "earjier'' In fact 
are expressions universally used by our subjects to describe the phenometja and 
their own Intent. It doesn't seem difficult to understand the naturalness of tuch a 
strategy. For example, in getting to school at a certain time one may employ the 
early-late conceptualization and feedback loop with respect^ 
when to leave home. But in any case, despite the fact that an Intervention was 
necessary to cue the EARLY strategy, it Is important that EARLY found a natural 
home In this situation. Contrast Darlene's refusal to consider a suggested diagonai 
backward kick to enact a CORNER. 

A final episode of Darlene's experience with the dynaturtle Is worth mentioning 
here. After quite a bit of play (much of which has been described above) another 
attempt was made to bring her to understand the single kick method for making a 
CORNER (Figure 3.2). She was asked to think of- using Jimmy's Nevytonian CORNER 
method (two perpendicular kicks, one to stop, re-alm, another kick toward target) 
but with the kicks coming very close together In time. Now think of a single kick 
having the same effect as t^^ kick at 45 

degrees!" Sfte mWnf t iBlie/^ cemputer. 
She was in fact anxious at this stage to try out the method. This Is a solid leap. 
Now she war makih| i explicit a -- yector addition of 

kicks. Thii contrasts mirkedly'Wlth^te^ rejection if 

this same suggestion, one wtiich she can now-make on 

. 4. A Learning Paths Chart far TAfeffi fjj'Sfe ' \ y 

Chart i summarizes the student development In understanding In terms of Insights 
and strategies. It is based on w^>rk with a number of students, both children and 
adults. Generally speaking a Kiwer point on the^chirt Indicates a later 
• ■'deVelbpmentV ■■ 'r ''I'^-^^^^s^'^&^^^i^^'^ ■. 
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Annotation of the Cha rti 

Stratagias and Phtnomena 

Afnrt and Shoot Strate^^ - "Turn the dynaturtle toward the target ar^ kick" is the 
universal starting point. Its failure^ due to siia of turns income with 
45 degret bearing of the target, wat aMtpted and never problematic, 

Aris^tellan Corner S^^ 

deseribed earlier invojvjng the aisumptlon that the dynaturtle travels In the 
direction of kick. Its failure alwayi resulted In great iyrpriiei repeat tries and 
sometimes extended consternation. Note that while the Interpretatioh made in 
the last section might suggeit Aim and Shoot and the Aristotelian Corner are 
both expressions of the same theoryp they are included as separate elements/ 
This is done because their different contexts provide strongly dIffiA'ent 
strategic outcomes. One satisfies expectaticnsr one does not 

Trajectory Strategy - Thiii stranga strategy did not occur frequently, but often 
enough to warrant including. To debug Aim and Shooti some seemed to posit a 
curved path approach pndi as a mechanism for obtaining such, a systematic and 
repeated pattern of K's and R's were used, e g. K R KRKR. "Curving" and 
"starting to curve" ware frequent verbal accompanying descriptions. There 
seemed to be the assumption of a simple relation between the turn'kick 
combinations and the amount of curving. In any case, the rate and pattern of 
keystrokes were the parameters varied in an attempt to refine this strategy 
Into a working one. 

Aiming Independent of Motion - The default assumption made natureMy by 
everyone was that turning would not affect the direction of motion until a kick 
w^s given. Despite this, various circumstances called this hypothesis eK^ilcitly 
into question. The most important of these circumstances was the context of 
trying out the anliklck Idea (perhaps worrying about a presumed "minor" effect 
interfering with exact cancellation of kicks). It is interesting to note that 
despite Aiming Independent of Motioni students frequently associated reaiming 
with the subsequent kick, and did reaiming Just before the kick, even if there 
was much empty wait time preceding the realm-kick combinatlofi 

AntiH^ck ^ The "kicking the opposite way to cancel a kick" phenomenon was a 
ipohtaneous idea in most cases and an immediately accepted suggestion in the 
rest. Perhaps its importance lies In the fur^tlon of achieving the stopped state* 
Three subspecificatlons are importantr^^^^^ 

superposition on an initial velocity is not conceptual possible at this stage. 2 

o \ . ' ■ ■ ^ 
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Learning Paths Chart 



It Is astumsd that any number of kicks will be sxactly caneeled by the same 
number of antlklcks, the timmg of the kicks not faefni an Isiue. 3 Intersperging 
kicks In other directions between kicks and antlklcks disqualified the antlkick 
strateiy. 

Newtonian Corner Strategy - The canonical debug of the Aristotelian Corner (se© 
Figure 3.1) v/as almost always associtted with right angles (as the Aristotelian 
Corner was). 



The Estrly Strategy - (Figure 3.4) This appeari to be a more sophisticated 
strategy than the above as It did not occur in many of the children's protocols. 
The refinement of the Early Strategy marked Late Implies Harder, meaning "If 
you are late, you can kick harder (more)," notably did not occur simultaneously 
with the principal Early Ssraiegy. 

Many Tries - The overt trying over and over of the Arlslotellan Corner Strategy 
Invmany orientatloni as carried out by Darlene's was not as frequent as It was 
striking when It did occur. Usually students fell Into tiying 
circumstances, seemingly by accident, without noticing Initially that they were 
doing the same thing again. 

Combining Kicks Thought Experiment - (See description In section 3.) This ii 
included not because It was universal. If fact it only occu'red once, but because 
It marks a striking advance over Initial Inclinations. This Is the sort of 
Intervention result one would like to be able to prodiKe reilably. 

Links 

The links shown en Chart I are a preliminary attempt to map relations between 
strategies and phenomena, particularly those reiatlons having to dio with time 
sequencing, though not explicitly Including the latter. Time sequencing Is not 
Included explicitly since there were many small variations. 

ds debug or find another plan - The failure of a strate^ often seemed to havff a 
conteKtual Influence on what was tried next Most of these reiatlons seemed 
straight forward "minimal changes to effect success," I.e. debuggings a le 
Aristotelian Corner Newtonian Corner. Some were more subtle such aa A^^ 
and Shoot -* Trajectory, awl may in fa^ w^^ of answering 

the question "What else could I do?" 

ii structural relation - Vyhen a phenomenon played a key role In a strategy, or In 
sther^asf s when qne element of the chart played the: of prerequisite to ' 
another the relation Is designated as structural. The reiation of ahllkicli to the 



Newtonian Comar strategy is paridigmatic. 

contextual - Certain elements of the chart ieimid to become active a? a 
result of concern in another element, These were designated as conteKtual 
r0latfons. Working out the idea 0^^ 

context for worry about the absolute vajidi^ of the Aiming Independent of 
Motjon principle. The natural symbiosis of structural arid con^ links Is 
evident in Chart I and is easy to ynderstandi An element (strategy, 
phenomenon) which Is prerequisite for success in pursuing (or underslandihg) 
*nother element is naturally cued to corwern by that other element, However, 
it is not at all impossible to imagine circumstances where contextual and 
structural links are not dual to one another, Ip thle way. 
rehearse and refine - Running over a particular strategy, presumably In order 
to solidify and improve performance, perhaps consciously changing parameters, 
was a frequent occurrence. An interesting variation Is the relation of Many 
Tries to the failure of Aristotelian Corner, where rehearse and refine served to 
elaborate understanding of the circumstance under which Aim ai^ Shoot fallec^ 
I.e. served to distinguish successful (In the sense of satisfying expeCtatlens) 
Aim and Shoot Strategy from the unsuccessful Aristotelian Corner Strategy, 
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5 Unking to Physics 

Pointing toward future work witli dynalurlle, we speculate a bit In this section en 
the reiaaon of the student learning phenomena charted pbsve with more standard 
views of learning physics. The section consists of two plausibility argumints. 

A. Centrolling Dynaturtle I& Physlcs i 

One can moke the case that learning to manipulate a dynaturtle is prima facie 
Ifiarning physks. Certainly the students are learning to deat with (simulated) 
physical phenomena and to the %%\mX to which one does not Insist that that 
contact be mediated by syrnbols and formalisms, that Is physics. Furthermore 
dynaturtle was designed to mirror at least 1 1/2 §f Newton's 3 laws: 1 Straight 
line constant velocity in the absence of Interactlor^ 2 Tha Second Law wl'Iisut 
the effect of mass, I.e. change in velocity is proportiona! to strength of force 
(number of kicks). 

So for. the moment let's assume this point of view, that controlling dynaturtle is 
physics and see what kind of perspective the charted student lew rilng behaviors 
puts on learning to control It For contrast let's initially consider a more a prloH 
point of view by first looking at dynaturtle from the perspective of an expert 
physicist. Try to put aside one of the Important experimental results Implicit in 
what has been said so far, that average sixth p^m students cm learn to drive 
dynaturtles. 

A parsimonious description of dynaturtle can Involve a vector eomponent of state 
(velocity) and a stale changer (KICK) which Increments velocity by Vwsctor rtdillon. 
The task analysis might w^ulte reasonably begin with the notion of Instantaneous 
velocity and vectors (including vector acWition, ccmponent decomposltlorv etc.). 
Thus we see appearing a familiar list of prerequisite studies (for oollege 
students!) Including perhaps analytic geometry, trigonometry, etc. Can we 
seriously think a fifth or sixth grade student can understand dynaturtles and 
manipulate them without months or years of study, or "et best" by learrring by 
rote incomprehensible al|orithms? 

Now contrast the following rich and realistic task antslysis based on the TARGCT 
learning chart which we summarize In the form of a sequence of natural (and In 
some cases trivial) abstractions of experience with dynatuttle. 

(1) The remark that aiming does not affect motion 

(2) The warning that AIM and SHOOT fails when the dynaturtle Is In motion 
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<3) The phenomenon of an antlklck and Its powerful use in producing a true 
Newtonian CORNER strategy 

(4) The EARLY stratt^ and its refinement. Late Implies Hardar 

(5) The thought experiment of combining klcki as at the Newtonian CORNER (or 
the reverse, thinking of a diagonal kick at a backward kick to cancel prtsent 
motion plus a sideways kick to establish a new direcllcn) 

(6) Establishing an Invariant recognittcin capacity of dynamical phenomena, m 
Darlene seemed to be doing In rehearsing the Aristotelian Corner 

This list is essentially a path through the learning paths chart which happeni to bt 
both a sort of "average" observed path, and a seemingly natural pedagogical path. 
For reference we win call this particular path the modal patk 

* 

B. Physics beyond controlling dynaturtle 

A small further abstraction brings the modal path experitnce much oloier to 
recognisable, textbook physics. 

(1) and (2) combined are a strong affirmation that force and direction of motion 
are uncoupled 

(3) proposes a very special case of vector add!tloi% y*v^Oprv-**v + ,.. + v* 
V - v - - V ^ 0, which in the content of action and "undoing" counteraction 
seems very intuitive. It is Important to note that this Intufllon is lost if 
confounded by intervening kicks or even If it is superimposed on an eitabiished 
velocity. 

(4) The EARLY strategy and especially Its refinement can easily be seen to 
involve qualitative versions of vector addition, in this case vector addition of an 
established velocity with an impulse. It is especially nice that i^ti^ents naturally 
.did this with right angle kicks so that the pedagoglcally Important special case, 
orthogonal composition. Is exercised 

(5) Combining kicks at the Newtonian Corner is another step tow^jird undirstandin| 
the full implications of vector addition. In this case two kicks are added to each 
other to produce a theoreticilly equivalent kick (Nota in Figure 5.1 how close a 
eeries of combined kick Newtonian Corners is to the extremely counter^intuiiive 
circular motion caused by kicks toward the center of the circle,) Again the natural 
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right angle eontaKt is padagogic^ly adyant^tMM, 




Motton in a square path 
caused by Inward diagonal 
kicks, mimics centflpetal 
accaleratlon of a clrclt* 

Figure 5.1 

(6) has already been abitracted to this levgl In our description of It 

By Itself this modeling has proposed an Interesting and detailed refinement of 
what In a etandard curriculum might go Into a monolithic chunk entitled vector 
addition (of velocities, forces and Impulses). The list It refined In -at least two 
important respects. It singles out particularly "easy" and parllci^arly "difficult" 
special cases, both of pedagogical Interest. It Introduces context, e.g. vector 
addition of kIck-to-kIck versus vector addition of klck-to«veloGlty, in eases where 
context seems to make a difference to the students. 

In Incorporating an experience with ctynaturtle one may establish a rich base of 
phenomena and common experience with Newtonian physics In a open*-ended 
environment. Following that experience, students should have a great head tlart 
in understanding the formalism of mechanics, principally through being able to 
Interpret the formalism in their own experiences. This latter stage may be 
greatly enhanced by organlilng the formalism phenomenologlcally, as suggested 
above. 

It is natural to ask, why can't the students' experience In the real world serve the 
same purpose as an expfrience with ^naturtle? In the first Instance, note thai 
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experience in moving things around did not suffice for Arlslotle (or any other pre- 
Galilean) to acquire the sense for the Newtonian laws of motion ripresenled in 
dynaturtle. In part this may be accounted for in the striking ability of humans to 
htjid theories of their own action which contradict what they do In fact. 
Dynaturtle's advance over naive experience, then, lies !n, the explicit and 
unambiguous actions taken to control It. Expgrlence with dynaturtle Is mediated 
by a very narrow channel of kick and turn commands as opposed to Interprelatlon 
of compliBx muscle actions actually used by humans in moving things around. 

But a better explanation why the real world doesn't teach Newtonian mechanics 
probably lies In understanding hiw good a non-Newtonian theory like "kicking in 
the direction of Intended motion" can be. Certamly it suffices for cueing up a 
billiard ball and works whenever Impulse dominates existing momentum. Further, 
in many circumstances one simply arranges for the theory to work. Compare a 
soccer player who stops a ball as a matter of course before kicking again, to the 
Newtonian Corner strategy. 

Finally, In the real world, friction has two confounding effects, one supporting 
Aristotle and one denying Newton. By rapidly bringing velocities near zero it 
allows an Aristotelian plan to be more generally effective, thus mitigating the need 
for refinements. More fundamentally, friction denies Newton's First Law by its 
vary presence; the world Is prima facie non-Newtonian. Since friction is 
omnipresent and with no visible agent causing It, why should one either Implicitly 
or BXpliciUy treat the "dying away" of motion, so much like other Inescapable 
things, as other than a primitive phanomenon (law) of nature? It Is only by coming 
to understand the Newtonian stance that one even acquires a reason to separate 
friction as another force to be Included In the analysis. And beyond the First Law, 
of course, the Second Law doesn't work without frlctional forces being explicitly 
included. SummaHzing this line of reasoning, a Newtonian frame of analysis seems 
necessary to make sensft of the notion of friction as a force, rather than as a 
fundamental and universal phenomenon intrinsic to motion. Yet a Newtonian frame 
is only possible after one has separated out friction as a force to be added to the 
analysis. In the present case, the bind Is not inescapable, as we can simply 
remove the confounding element from the (simulated) world. Dynaturtle is a pure 
representation of Newton's Laws, unfettered by friction. 

We note In closing this section that though It would be easy to think that the 
qualitative understandings involved with dynaturtle are superfluous and In all 
probability trivially Implied by a university level physics course, the evidence 
available suggests that, to the contrary, such qualitative reafonlng as that 
Involved In the relationship of force and velocity is in many inslances littia 
effected by physics teaching. VIennot [Viennot, 1978], for example, found 
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elearcut confusion between force and acquired velocity In simple situations. 
(Compare (1) and (2) at the be|lnnlng of this section.) This confusion occurred In 
roufhiy 50 percent of students from last year of secondary school to third year 
university! Thus another suigestion Is made that learning in computstlonal 
environments like Turtle Geometry and dynaturtle can allow earlier and more 
natural access 1o Important mathematical and ptyslcal Ideas, but, as well, prsvide 
a deeper influence on the students* tWnklng patterns than conventional curriculum. 



